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USE OF PROBABILISTIC RISK ASSESSMENT IN PLANT-SPECIFIC,
RISK-INFORMED DECISIONMAKING: GENERAL GUIDANCE

INTRODUCTION

This chapter of the Standard Review Plan (SRP) identifies the roles and responsibilities of organizationsin
the U.S. Nuclear Regulatory Commission (NRC) that participate in risk-informed reviews of licensees
proposals for changes to the licensing basis (LB)" of nuclear power plants. The SRP identifies the types of
information that may be used in fulfilling an organization's respongbilities and provides generd guidance on
how the information from a probabiligtic risk assessment (PRA) can be combined with other pertinent
information in the process of making a regulatory decison.

The guidance in this document isalogica extension of current NRC policy on the use of PRA in regulatory
activities. Thispalicy is documented in the Commisson's PRA policy statement and implementation plan
(Refs. 1-3). In deveoping this SRP chapter, the staff considered the NRC's guidance on the use of PRA in
risk-informed regul atory applications as documented in Regulatory Guide 1.174 (Ref. 4) aswell asthe
relevant industry guidance documented by the Electric Power Research Indtitute (EPRI) inits " Probabilistic
Safety Assessment (PSA) Applications Guide" (Ref. 5). In addition, this chapter references other SRP
chapters that provide additiona guidance for reviewing specific gpplications of PRA in regulated activities.

The appendices to this Chapter 19 provide more specific guidance. Included are Appendix A, “Guidance for
a Focused-Scope Application-Specific PRA Review”; Appendix B, “Integrated Decisonmaking”; Appendix
C, “Categorization of Plant Elements with Respect to Safety Significance’; and Appendix D, “Use of Risk
Information in Review of Non-Risk-Informed License Amendment Requests.”

In the process of risk-informed decisonmaking, the NRC will rely on the gpproach discussed in this Chapter
19. Abovedl, the design, construction, and operationa practices of each plant are expected to be consistent
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withitsLB. In addition, the risk evauations performed to justify regulatory changes are expected
to redidticaly reflect these plant-specific design, construction, and operationd practices. The

PRA analyses should be as redligtic as practicable and, when interpreting the results of those
andyses, the aff should account for the impact of the most significant uncertainties. The results

of these risk andyseswill then form part of the input to the decisonmaking process that evauates
the margin in plant capakility (in both performance and redundancy/diversity). Specificadly, the
decisonmaking process will use the results of the risk andysesin amanner that complements
traditiona engineering approaches, supports the defense-in-depth philosophy, and preserves safety
margins. Thus, risk andyss will inform, but it will not determine regulatory decisons.

REVIEW RESPONSIBILITIES

The technica nature of alicensegs request will determine which technica review branch in the
NRC's Office of Nuclear Reactor Regulation (NRR) will serve as the primary review branch and,
as such, will have overdl responshility for leading the technica review, drafting the Saff safety
evauation report (SER) or other appropriate regulatory document, and coordinating input from
other technical review organizations. In addition, the following organizations will normaly play a
role in reviewing risk-informed proposas.

. The Probabiligtic Safety Assessment Branch (SPSB) asssts the primary review branch
(upon request) by reviewing the PRA information and findings submitted by the licensee.
Review support includes assessing the adequacy of the scope, leve of detall, and qudity of
the PRA used by the licensee to support the regulatory change, aswell as gpplying
risk-related acceptance guidelines to support decisonmaking.

. The Reactor Systems Branch (SRXB) assists the primary review branch or SPSB (upon
request) by providing support for accident sequence modeling, including trestment of
resctivity and thermal-hydraulic phenomena, system response, and the implementation of
emergency and abnormal operating procedures.

. The Operator Licensing, Human Performance and Plant Support Branch (IOLB) holdsthe
primary respongibility for reviewing evauations of radionuclide contamination or public
hedlth effects submitted by alicensee in support of arequest for regulatory action.

. The Office of Nudear Regulatory Research (RES) assists the primary review branch (upon
request) by providing technica support in areasinvolving al aspects of PRA, severe
accident phenomenology, and engineering studies.

. The Regiond Offices assst the primary review branch (upon request) by providing
information on licensees operationa experience in areas of system performance, operator
performance, risk management practices, and management controls.

l. AREAS OF REVIEW

The NRC's PRA Implementation Plan as proposed in Reference 3, now replaced by the Risk-
Informed Regulation Implementation Plan (see Ref. 6), identifies awide scope of regulatory
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activities for which PRA provides vauable ingghts. This scope includes activities that require
NRC review and approvd, as well as other activities that are considered internd to the NRC and
affect licensees and gpplicantsin aless direct manner (e.g., generic issue prioritization). This SRP
chapter soldly concerns licensing amendment requests submitted for NRC review and approva for
which PRA can play an effective role in the decisonmaking process. Generd review guidance for
goplicable activities is presented in this SRP chapter. 1n addition, application-specific SRP
chepters are available to provide additiona guidance for severd activities including the following
examples

. Changes to alowed outage times (AOTSs) and surveillance test intervas (STIs) in
plant-specific technica specifications (SRP Chapter 16.1)

. Changesin the scope and frequency of tests on pumps and vavesin alicensees insarvice
test (IST) program (SRP Chapter 3.9.7)

. Changesin the scope and frequency of ingpectionsin alicenseg's inservice ingpection (1)
program (draft SRP Chapter 3.9.8)

Regulatory Guide 1.174 defines an acceptable gpproach for usein andlyzing and eva uating
proposed LB changes. This approach supports the staff's desire to base its decisions on the results
of traditiond engineering evauations, supported by insghts (derived through the use of PRA
methods) on the risk significance of the proposed changes. The decisonmaking process leading to
the proposed change is expected to follow an integrated approach (consdering traditiona
engineering and risk information) and may build upon quditative factors as well as quantitetive
andyses and information.

Asdiscussed later in this section, the scope of the staff review of a risk-informed application will
depend on the specifics of the gpplication. However, this scope should include reviewing the four
elements suggested in Section 2 of Regulatory Guide 1.174. The areas of review for each of these
elements are summarized as follows:

. Element 1 - Define the Proposed Change: The objective of thiseement isto lay the
groundwork for evaluating the safety impacts of the proposed change. Therefore, one area
of review would be an evauation of the proposed change in light of the LB (i.e,, evaluation
of the Structures, systems, and components (SSCs), as well as the plant procedures and
activities that are affected by the proposed change and how these SSCs, procedures, or
activitiesrelate to the LB). In addition, an evauation of the method of andyss and a sudy
of available ingghts from traditiona and probakilistic engineering studies that are rlevant
to the proposed change would be necessary to determine if the change can be supported.

. Element 2 - Conduct Engineering Evaluations. The licensees decisonmaking process
should factor in the appropriate traditional and probabilistic engineering insghts.
Reviewers should evauate the proposed change to ensure that the defense-in-depth
philosophy and sufficient safety margins are maintained, and that the caculated change in
plant risk is within the guiddines specified in Regulatory Guide 1.174. Reviewers should
a0 veify that indghts from the engineering evauations used to judtify a change have
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been used to improve operational and engineering decisions where appropriate, and not
smply to diminate requirements the licensee sees as undesirable.

. Element 3 - Develop | mplementation and Monitoring Strategies: Resultsfrom
implementation and monitoring strategies can provide an early indication of unanticipated
degradation of performance of those plant elements affected by the proposed change.
These drategies are therefore important in gpplications where uncertainty in evauation
models and/or data used to justify the change can change the conclusions of the andysis.
As such, the review scope should include provisions to ensure that the licensee has
proposed an implementation and monitoring process that is adequate to (in part) account
for uncertainties regarding plant performance under the proposed change.

. Element 4 - Document Evaluations and Submit Request: Reviewers should ensure that
the submitta includes sufficient information to support conclusions regarding the
acceptability of the proposed change, and that the archiva documentation of the evauation
process and findings is maintained and available for saff audit and review. Reviewers
should aso ensure that the licensee has requested the appropriate regulatory action (for
example, alicense amendment, an exemption, or a change to technica specifications).
Where gppropriate, reviewers should ensure that the submittal has documented any
licensee-proposed enhancements to regulatory requirements (e.g., high risk sgnificant
SSCs not currently subject to regulatory control may be subject to requirements
commensurate with thar risk sgnificance). Findly, reviewers should ensure that LB
changes are gppropriatdy included in an updated safety analysis report, as necessary.

Application-Specific Reviews

This Chapter 19 of the SRPisintended to provide guidance for reviewing applicationsin
risk-informed regulation where numerica vaues of risk indices play ardaivey largeralein the
decisonmaking process and where a broad set of scenarios and plant operating modes may be
affected. Whereit is determined that an gpplication could jugtify areview that isless than the full
scope described in this document, reviewers should choose the relevant and gpplicable parts of this
SRP chapter for guidance. The necessary sophitication of the review of the PRA, its supporting
anayses, and its results depend on the contribution the risk assessment provides to the integrated
decisonmaking. Application-specific SRP chapters (where available) provide additiona guidance
inthisarea

. ACCEPTANCE CRITERIA

This SRP chapter provides guidance for use in conducting staff reviews of PRA findings and risk
ingghtsin support of licensees requests for changes to the LB of nuclear power plants (e.g.,
requests for license amendments under 10 CFR 50.90 and exemptions under 10 CFR 50.11).
Regulatory Guide 1.174 sets forth guidance for licensees to use in implementing acceptable
methods for conducting PRA and traditiona engineering andyses to support such changes.

To evauate licensee-initiated LB changes that are consistent with currently approved staff
positions (e.g., regulatory guides, standard review plans, or branch technica postions), the staff
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normaly uses traditiond engineering analyses. Licensees generdly would not be expected to
submit risk information in support of such proposed changes. However, circumstances may arise
in which new information reveds an unforeseen hazard or a subgtantialy greater potentid for a
known hazard to occur, even when dl regulatory requirements are met. In such situations, the
NRC has the statutory authority to require licensee action above and beyond exigting regulations to
maintain the level of protection necessary to avoid undue risk to public hedth and safety. The use
of risk information in the review of such license amendment requestsis addressed in Appendix D
of this SRP chapter.

To evauate licensee-initiated LB changes that go beyond current staff positions, the staff may use
traditiond engineering analyses as wdll as the risk-informed gpproach et forth in this SRP
chapter. In such instances, licensees may be requested to submit supplementd risk information or
traditiona engineering information if such information is not aready included as part of the

origind submittas. If risk information on the proposed LB changesis not provided, the staff will
determine if the application can be approved on the bass of the information provided using
traditional methods and will either gpprove or reect the gpplication based upon this informetion.
For those licensee-initiated LB changes that a licensee chooses (or is requested by the staff) to
support with risk information, this SRP chapter describes the scope and content of the staff's
review by consdering engineering issues and applying risk ingghts.

Licensees submitting risk information to support changes to their LB (whether on their own
initiative or at the request of the staff) should address each of the principles of risk-informed
regulation discussed in Regulatory Guide 1.174. The staff should then determine if the licensees
selected gpproaches and methods (Whether quantitative or quaitative, and traditiona or
probabilistic), data, and criteriafor consdering risk are appropriate for the decision to be made.

For each risk-informed application, reviewers should ensure that the proposed changes meet the
following principles. (Sections of this SRP chapter dedling with review guidance for each
principle are identified in brackets))

1 The proposed change meets the current regulations unlessit isexplicitly related to a
requested exemption or rule change, i.e., a" specific exemption” under 10 CFR 50.12 or a
"petition for rulemaking" under 10 CFR 2.802. [Section 111.2.1].

2. The proposed change is cons stent with the defense-in-depth philosophy. [Section 111.2.1]

3. The proposed change maintains sufficient safety margins. [Section 111.2.1]

4, When proposed changes result in an increase in core damage frequency or risk, the
increases should be small and consgtent with the intent of the Commission's Safety God
Policy Statement (Ref. 1). [Sections|11.2.2 and [11.2.3]

5. The impact of the proposed change should be monitored using performance measurement
drategies. [Section 111.3]
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In demongtrating adherence to the above principles, reviewers should ensure that licensees address
the following issues as part of their submittals:

All safety impacts of the proposed change are evaluated in an integrated manner as part of
an overdl risk management approach in which the licensee isusing risk andysisto
improve operationa and engineering decisions broadly by identifying and taking advantage
of opportunities to reduce risk, and not just to eiminate requirements the licensee sees as
desirable. For those cases when risk increases are proposed, the benefits should be
described and should be commensurate with the proposed risk increases. The approach
used to identify changesin requirements was used to identify areas where requirements
should be increased as well as where they could be reduced. [Section 111.2.3]

The scope, leved of detall, and quality of the engineering andyses (including traditiona and
probabilistic analyses) conducted to justify the proposed LB change are appropriate for the
nature and scope of the change and are based on the as-built, as-operated, and maintained
plant, including reflecting operating experience at the plant. [Section 111.2.2]

The plant-specific PRA supporting the licensee’ s proposas has been subjected to quality
controls such as an independent peer review or certification. [Section 111.2.2]

Appropriate congderation of uncertainty is given in andyses and interpretation of findings,
including using a program of monitoring, feedback, and corrective action to address
ggnificant uncertainties. [Sections|i1.2.2 and 111.3]

The use of core damage frequency (CDF) and large early release frequency (LERF) as
bases for probabilistic risk assessment guiddinesis an acceptable approach to addressng
Principle 4. Use of the Commission's Safety Goa quantitative hedlth objectives (QHOS) in
lieu of LERF is acceptable in principle and licensees may propose their use. However, in
practice, implementing such an approach would require an extensonto aLeve 3 PRA, in
which case the methods and assumptions used in the Level 3 analys's, and associated
uncertainties, would require additiond attention. [Section 111.2.2]

Increases in estimated CDF and LERF resulting from proposed LB changes will be limited
to smdl increments. The cumulative effect of such changes should be tracked and
considered in the decision process. [Section 111.2.2]

The acceptability of the proposed changes should be evaluated by the licenseein an
integrated fashion that ensures that al principles are met. [Section 111.2.3]

Data, methods, and assessment criteria used to support regulatory decisionmaking must be
well documented and available for public review. [Section 111.4]

REVIEW GUIDANCE AND PROCEDURES
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For risk-informed gpplications, reviewers should ensure that licensees submittals meet the
principles specified in Section |1 of this SRP chapter and address the expectations for
risk-informed decisonmaking (also specified in Section 11). This section provides guidance to
ass< reviewers in making this determination. For consistency, Sections 111.1 through 111.4 present
this guidance in terms of the four eements of the approach described in Section 2 of Regulatory
Guide 1.174 (Ref. 4).

[11.1 Element 1: Definethe Proposed Change

In this dement, reviewers should verify that the submittal provides enough information to meet the
daff's expectation that al potential safety impacts have been identified and evaduated. In addition,
reviewers should be satisfied that, where appropriate, the licensee has identified design and
operationa aspects of the plant related to the change request that should be enhanced consistent
with an improved understanding of their safety significance based on the methodology used to
support the proposed relaxation in regulation. These enhancements should be appropriately
reflected in changes to the plant's LB (e.g., technica specification, license conditions, and Find
Safety Andysis Report (FSAR).

Reviewers must also assess the proposed changes as they relate to the plant's LB, which specifies
how the licensee satidfies certain basic regulatory requirements such as diversity, redundancy,
defense-in-depth, and the Generd Design Criteria. This assessment should include reviewing the
engineering (or other pertinent) analysis and data that identify the safety margins and plant design
and/or activities conducted to preserve those margins. If exemptions from regulations or other
forms of relief are needed to implement the licensee's proposed change, reviewers should ensure
that the gppropriate requests accompany the licensee's submittal.

Reviewers should dso verify that the licensee has identified and appropriately used available
information reflecting traditional engineering concepts and principles. The non-PRA sources of
information that should be examined to support the evauation of safety sgnificance include the
safety indgghts developed in licensing documents such asthe FSAR, aswell asthe bases for the
plant's Technica Specifications, which may include AOTS, limiting conditions for operation
(LCOs), and surveillance requirements (SRs).

Where available, plant-specific data and operationd information should be factored into the
definition of the proposed change. Reviewers should congder the way in which the issues a hand
arereflected in operational data. Useful indghts from plant-specific operating experience can dso
be obtained from ingpections that follow incidents at the facility, including incident investigation

and augmented team inspections conducted by the NRC, incident assessments documented in
sgnificant operating event reports prepared by the Ingtitute of Nuclear Power Operations (INPO),
licensee follow-up investigations, and routine ingpections by NRC resident inspectors. Inspection
results can provide va uable quditative insghts in such areas as human performance, management
controls, adequacy of procedures, and root causes of events, which are often difficult to treat with
precisoninaPRA.

Findly, as part of theinitia review of the licenang amendment, reviewers should determine if the
submittal adequately characterizes the impact of the proposed change (specificaly, if the submittal
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identifiesal SSCs or other plant eements affected by the proposed change) and if the andlyses
performed and submitted by the licensees have the scope and depth to adequately characterize the
impact of the change.

Licensees may submit proposas that include severd individua LB changes that have been
evauated and will be implemented in an integrated fashion. For example, individua changes may
be grouped together for convenience (ease of implementation and/or review), or changes may be
combined as risk tradeoffs (balancing risk increases with risk decreases). Changes grouped in this
way should normaly be rdated, for example by affecting the same single system or activity, the
same safety function, or the same accident sequence group, or by being of the same type (e.g.,
changesin AOT). However, this does not preclude unrelated changes from being accepted. When
combined change requests are submitted, the staff should conduct a detailed assessment of the
relationship between the individua changes and how they have been modeled in the risk
as=ssment. Initsreview, the saff should eva uate the acceptability of theindividud changes and
the overdl impact of the combined changes with repect to the principles and expectations
discussed in Section | of this SRP Chapter 19. Section 111.2.3 discusses the review of combined
change requests in more detail.

[11.2 Element 2: Conduct Engineering Evaluations

In order to make findings regarding the acceptability of a proposed license amendment, the staff
should establish its position on the basis of an integrated assessment of traditiona engineering
evauations and probabilistic information. Section 2.2 of Regulatory Guide 1.174 describes the
specific evauations that the licensee is expected to perform. The scope and qudlity of the
engineering anayses conducted to justify a proposed change should be appropriate for the nature
and scope of that change. Section 3 of Regulatory Guide 1.174 describes the various types of
traditiona engineering and probabilistic information that should be included in submittals.

The results of this ement should be reviewed to determine if the submitta satisfies the following
principles for risk-informed decisonmaking: the proposed change meets current regulations
(unless the change is explicitly related to a requested exemption or rule change); the
defense-in-depth philosophy is maintained; sufficient safety margins are maintained; and proposed
increases in core damage frequency and/or risk (if any) are smdl and are consgstent with the intent
of the Commisson's Safety God Policy Statement (Ref. 7).

[11.2.1 Evaluation of Defense-in-Depth Attributes and Safety M arains

Reviewers should assess the licensee's engineering eva uations to confirm thet the principles
identified in Section 1l are not compromised. These evauations should include not only the
traditional design basis accident (DBA) analyses, but aso evauations of the defense-in-depth
attributes of the plant, safety margins, and risk assessments performed to obtain risk ingghts and
to quantify the impact of the proposed change.
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.2.1.1 Defense in Depth

Defense in depth is defined as a philosophy that ensures that successive measures are incorporated
into the design and operating practices for nuclear plants to compensate for potentia failuresin
protection and safety measures. In risk-informed regulation, the intent is to ensure that the
defense-in-depth philosophy is maintained, not to prevent changes in the way defensein depth is
achieved. The defense-in-depth philosophy has been and continues to be an effective way to
account for uncertainties in equipment and human performance. In some cases, risk andysis can
help quantify the range of uncertainty; however, there will likely remain areas of large uncertainty
or areas not covered by the risk andysis. Where a comprehensive risk analysis can be performed,
it can help determine the gpproximate extent of defense in depth (e.g., balance among core damage
prevention, containment failure, and consequence mitigation) to ensure protection of public hedth
and safety. However, because PRAs do not reflect al aspects of defense-in-depth, appropriate
traditional defense-in-depth considerations should aso be used to account for uncertainties.

[11.2.1.1.1 Preservation of Multiple Barriersfor Radioactivity Release

Defense in depth can be evauated on the basis of considerations involving the barriers that prevent
or mitigate radioactivity rlease. Release of radioactive materids from the reactor to the
environment is prevented by a succession of passive barriers, including the fuel cladding, reactor
coolant pressure boundary, and containment structure. These barriers, together with an imposed
exclusion area and emergency preparedness, are the essentid eements for accident consequence
mitigation. Given these multiple barriers, safety is ensured through the application of

determinigtic safety criteriafor the performance of each barrier and through the design and
operation of systems to support the functiona performance of each barrier.

In maintaining consstency with the defense-in-depth philosophy, the proposed license amendment
should not result in any substantid change in the effectiveness of the barriers. Consequently,
reviewers should congder the following objectives to ensure that the proposed change maintains
appropriate safety within the defense-in-depth philosophy:

. The change does not result in asignificant increase in the existing chalengesto the
integrity of the barriers.

. The proposd does not significantly change the failure probability of any individud barrier.

. The proposa does not introduce new or additional failure dependencies among barriers that
sgnificantly increase the likelihood of failure compared to the existing conditions.

. The overdl redundancy and diversty among the barriersis sufficient to ensure
compatibility with the risk acceptance guidelines.

In demongdirating that the proposd fulfills the objectives listed above, the staff expects that the
proposed change will meet the following guiddines.
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. A reasonable balance is preserved among prevention of core damage, prevention of
containment failure, and mitigation of consequences.

. The proposa avoids over-reliance on programmatic activities to compensate for
weeknessesin plant design.

. The proposed change preserves system redundancy, independence, and diversity
commensurate with the expected frequency of chalenges, consequences of falure of the
system, and associated uncertainties.

. The proposal preserves defenses againgt potential common cause failures and assesses the
potentia introduction of new common cause failure mechanisms.

. The proposed change does not degrade the independence of barriers.
. The proposed change preserves defenses againgt human errors.

. The proposd fulfillsthe intent of the Generd Design Criteriain Appendix A to 10 CFR
Part 50.

Reviewers can assess fulfillment of the above guiddines by using quditetive or traditiond
engineering arguments or by using PRA results contained in the accident sequences or cutsets.

111.2.1.1.2 Roleof PRA in Review of Defensein Depth

In addition to the usud quantitative risk indices, PRAS provide important quditative results,
namely, the contributors to accident sequences. For PRAs that use the fault tree linking approach,
these contributors are described by the accident sequence minima cutsets. Each accident sequence
minima cutset is a combination of passive and active SSC failures and human errors that would
cause core damage or ardease of radioactivity. The cutsets therefore directly show one particular
aspect of defense in depth, in that they reved how many failures must occur in order for core
damage or radiologica reeaseto occur. Thus, the minima cutsets show the effective redundancy
and diverdity of the plant design. For andysis gpproaches that use event trees with boundary
conditions, the results take the form of accident sequence descriptions and typicaly include
elements representing unavailabilities of systems (or trains of systems) rather than components.
However, in most cases, cutsets providing a component level decomposition of the system (or
train) unavailabilities are provided, and an equivalence to the minimal cutset description can be
edtablished if necessary.

In most cases, events that appear in each minimal cutset are targeted by programmatic activitiesto
ensure the reliability of the associated SSC. Specific activities that are important to maintain the
reliability of a component include IST, IS, periodic surveillance required by Technicd
Specifications, quality assurance, and maintenance. Therefore, when areview of the minima
cutsets reved s areas where redundancy or diversity are dready margind, it would arguably be
inappropriate to reduce the leve of activities aimed at ensuring SSC performance. (The exception
would ariseif the licensee can show that the activities have little or no effect on SSC performance,
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or if it can be shown that uncertaintiesin the performance of the dementsin this cutset are well
understood and quantified. It isaso possible that the licensee could propose compensating or
dternative activities to provide assurance of SSC performance.) The objective of thisreview isto
avoid completely relaxing the defense-in-depth posture at points a which the plant design has the
least overdl functiona independence, redundancy, and/or diversity. On the other hand, in areas
where a plant has substantial redundancy and diversity, defense-in-depth arguments used to judtify
rel axations should be given appropriate weight.

As part of the defense-in-depth evauation, reviewers should consider the effects of multiple
component failures and common cause failures that could result from the proposed change. For
example, if the licensee proposes to reduce the requirements for al eventsin a cutset, reviewers
should ensure that the effect of the change is properly modeed and that the change does not have
an adverse effect on defense in depth.

Findly, in ng the accident sequence cutsets, reviewers should devote attention to potential
over-reliance on programmatic activities or operator actions that compensate for weaknessesin the
plant design. For example, proposed maintenance and surveillance activities should complement
and not replace proper plant design.

111.2.1.2 Safety Margins

In the determination of the design performance characterigtics of a system, safety margin
represents an alowance for uncertainty in SSC performance. Current safety analys's practices
incorporate congderaion of marginin mogt areas. As examples, many engineering sandards,
licenang andyses, and technica specifications take margin into account.

Incorporating margin can result in over-designing of components, incorporation of extra systems
or system trains, or in conservative operating requirements for systems and components.
Therefore, some licensee applications will seek to reduce this margin in some areas. Such
reductions should appropriately reflect the current understanding of existing uncertainties and the
potentia impact of the proposed change. Therefore, in evaluating a proposed change request,
reviewers should establish thet the proposd fulfills the following guiddines

. The proposa meets established engineering codes and standards or NRC-approved
dternatives, or deviations are judtified.

. The proposal meets the safety analys's acceptance criteriain the LB, or proposed revisons
provide sufficient margin to account for uncertainty in the andysis and data.

Clearly, these guiddines are closely related to the guidance provided in Section 111.2.1.3 regarding
the need to maintain the LB. The thrust of the guidance in the present section isto sengitize
reviewersto the implications of relaxing the margin when eva uating the acceptability of changes
totheLB.

Thelevd of judtification required for changes in margin should depend on how much uncertainty
is associated with the performance parameter in question, the availability of aternativesto
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compensate for adverse performance, and the consequences of functiond failure of the affected
eements. Therefore, the results derived from risk evauations and the associated anaysis of
uncertainties (especidly in the andys's areas and models affected by the gpplication) will provide
ussful information to help in the reviewers decisonmeaking. Asan example, in evauating
available safety margins, reviewers should consider the risk profile of the plant. If a proposed LB
change creates or exacerbates a Stuation where risk is dominated by afew dements (SSCs or
human actions) or afew accident sequences, the reviewers should carefully evauate the modeing
of these dements or sequences including the modeling of uncertainties. Reviewers should
congder the results from the andysis of uncertainty when determining the acceptability of the
reduction in margin from the proposed change.

In demongtrating available safety margins, licensees will in some cases support their proposa by
citing new data from plant tests or research projects, or they will conduct analyses usng modds
that are predicated on new data. The following examplesillugtrate Stuations in which data and
anayses can be used effectively to support the LB change request.

. It is shown that a phenomenon of concern cannot occur or is less likely to occur than
origindly thought.
. It is shown that the amount of safety margin in the design is Sgnificantly greater than that

which was assumed when the requirement or position was imposed.
. It is shown that time available for operator actionsis greater than origindly assumed.

The reviewers primary objective isto verify the relevance and acceptability of the new
information with respect to the requested LB change. Datathat directly apply to the origind
technica concern should be considered in the decision process. Depending on the circumstances,
the cognizant review branch may have additiond specific guidance available for use in reviewing
the qudity and acceptability of the data. However, the data or andyses must be clearly applicable
to the plant and specific circumstances in which they are being applied.

111.2.1.3 Current Regulations

Reviewers should ensure that the proposed change satisfies current regulations (including the
Generd Design Criteria), unless the licensee explicitly includes a proposed exemption or rule
change (i.e., a"gpecific exemption" as dlowed by 10 CFR 50.12 or a"petition for rulemaking” in
accordance with 10 CFR 2.802).

The LB dso applies until the saff gpproves modifications to the existing basis. It is expected that
some applications will seek to modify the LB in risk-informed submittals. Applications that seek

to make qualitative changes to the LB (such as moving components out of the scope of arequired
program) should be reviewed in greeter detail with respect to defense in depth and safety margins
when compared to gpplications that seek to make parametric changes (such as incrementa changes
to surveillance interva).
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[11.2.2 Risk Assessment

For effective implementation of risk-informed regulatory approaches, reviewers should ensure that
the licensee has demondtrated that the plant's design and actua operating conditions and practices
are properly reflected in the risk indghts derived using the plant-specific PRA modd. Otherwise,
the risk assessment may provide inaccurate or mideading information that will require careful
scrutiny before use in any regulatory decisionmaking process.

Development of a plant-specific, risk-informed program aso requires the availability of

information to identify the SSCs and human actions that contribute most sgnificantly to the plant's
edtimated risk. In addition, it is necessary to be able to capture the impact of the proposed change
on the eements of the PRA. Section I11.2.2.1 of this SRP chapter discusses the characterization of
the proposed change in terms of PRA model eements. The results of this determination of the
cause-effect relationships between the proposed application and the PRA models will help define
the scope and leve of detail required for the PRA to support the gpplication. Sections|1.2.2.2 and
[11.2.2.3 discuss these topics.

Many applications, such as those involving changes in component test intervals, alow explicit

PRA modeding of theimpact of the proposed change and quantification of the expected changein
risk usng plausible modds of the impact on SSC unavailahility to the extent that the affected
components are included in the plant's PRA. For other risk-informed applications, however, it
may not be feasible to explicitly mode the cause-and-effect relationship because the resulting
actud impact on component unavailability is not clearly understood. For such applications, the
use of risk categorization techniques provides a useful way to identify groups of SSCsthat are less
risk-important to risk and, as such, are possible candidates for a graded approach to regulatory
requirements. Using such a categorization gpproach, however, it is still necessary to understand
the potentia or bounding impact of the proposed change and to assess the risk impact through
gopropriate sengtivity studies. In ether the detailed quantification gpproach or the risk
categorization approach, risk results should be derived from analyses of gppropriate qudity.
Section 111.2.2.4 and Appendix A to this SRP chapter present guidelines to help reviewers evaluate
PRA qudity asafunction of the gpplication. Findly, Appendix C to this SRP chapter discusses
review issues related to the determination of risk contribution and component categorization.

I11.2.2.1 Characterization of Changein Termsof PRA Model Elements

Where quantitative PRA results are used as part of arisk-informed evaluation of a proposed
change, the licensee should define the change in terms that are compatible with therisk andlys's,
i.e, therisk analysis should be able to effectively evauate the effects of the change.

The gpproach to risk characterization should establish a cause-effect relationship to identify
portions of the PRA affected by the issue being evduated. Thisincludes (1) identifying the
gpecific PRA contributors for the particular gpplication, (2) assessing the portions of the model
that should be modified for the application, and (3) identifying supplemental andyses that could be
used to support the application. This approach will help reviewers determine the scope and level
of detall of andysis required for the remaining stepsin the change process.
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Table 111-1 of this SRP chapter summarizes the generd guidance for usein identifying elements of
the PRA modd that may be affected by an application. This guidance, presented asalist of
questions, will asss reviewers in establishing a cause-effect relationship between the application
and the PRA model. The answers to these questions should be used to identify the extent to which
the proposed change affects the design, operation, and maintenance of plant SSCs.

Reviewers should aso verify that the effects of the proposed changes on plant eements (SSCs,
operator actions, etc.) are adequately characterized in the elements of the PRA mode or by
appropriate changes to the logic modd structure. For full-scale applications of the PRA, for
example, this should be reflected in a quantification of the impact on the PRA results. For
gpplications like component categorization, however, senstivity studies on the effects of the
change may be sufficient. Similarly, for other gpplications, it may be adequate to define the
qualitative relationship of the impact on the PRA dements, or it may smply be necessary to
identify which dements are impacted.

The review procedure for this eement is therefore intended to verify that the submittal
gopropriately accounts for the effects of the changes on SSC reliability and unavailability or on
operator actions. Where gpplicable, reviewers should aso evauate the modeling and
quantification of the effects of the change to ensure that the modes are gppropriate and that the
results can be supported by plant and/or industry data.

[11.2.2.2 Scopeof Analysis

The necessary scope of a PRA supporting risk-informed requests will depend on the specific
goplication. Although the assessment of risk implications (in light of the acceptance guidelines
defined in Regulatory Guide 1.174, Ref. 4) requiresthat al plant operating modes and initiating
events be addressed, it is not necessary in risk-informed regulation that licensees submit PRAs that
treet dl plant operating modes and dl initiating events. Instead, when full-scope PRASs are not
available, reviewers should ensure that the submitted findings are supportable on the bas's of
traditional engineering anadyses or other plant operationa information that addresses modes and
initiators not andyzed in the base PRA.

For plant modes and initiators not analyzed in the PRA (such as shutdown, seismic events, fire,
floods and severe westher), the licensee should consider the effects of the change and provide the
rationae for why additional PRA analyses are not necessary. Thisrationae could be addressed by
ases3ng the leve of redundancy and diversity provided by the plant systems, system trains,
human actions, etc., for responding to these unanayzed initiating events. The licensee should dso
show that the proposed change does not introduce unanayzed vulnerabilities and that redundancy
and diverdty will till exist in the plant response cagpaliility after the changes are implemented.
Thisissueis addressed acoeptably if the proposdl fulfills any one of the following criteria

. The licensee addresses dl modes and dl initiator types using PRA.

. The licensee demondtrates that the application does not unacceptably degrade plant
capability and does not introduce risk vulnerabilities or remove dements of the plant
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response cgpability from programmatic activities aimed a ensuring stisfactory safety
performance for plant modes and initiator types not included in the PRA.

. If the proposed change impacts unandyzed plant modes or initiator types, the licensee
demondtrates that a bounding analysis of the change in plant risk from the application (e.g.,
by quditative arguments, or by use of sengtivity sudies) meets guiddinesthat are
equivalent to the acceptance guiddines specified in Section 2.2.4 of Regulatory Guide
1.174.

111.2.2.3 Level of Detail

Theleved of detail in a PRA required to support an application should be such that the proposed
changes to the plant can be adequately characterized in the PRA modd eements, as discussed in
Section 111.2.2.1 of this SRP chapter. In addition, the PRA should be detailed enough to account
for important system and operator dependencies (functional, operational, and procedurd),
especidly for those components affected by the application. A review of the licenseesfailure
modes and effects andysis and areview of plant operating and emergency procedures will be
useful for this purpose.

The usefulness of PRA results in risk-informed regulation is dependent on the level of resolution
of themodedled SSCs. A component-level resolution provides insghts a the component level.
However, if aPRA is performed at asystem or train level, the ingghts of the PRA will be limited
to that level unlessit can be demonstrated that component-level insights can be bounded by, or
deduced from, system- or train-level effects. The direct gpplication of PRA results will therefore
be limited to those SSCs that are explicitly modeed as part of the PRA basc events. Insghts for
SSCsthat are implicitly modeled (e.g., screened out, assumed not important) are only to be used
after additional congderation of the effects of the proposed change on PRA assumptions,
screening analyses, and boundary conditions.

Specificaly, the following relationships exist between the leve of detall in the moddling of each
SSC and the conclusions that can be drawn from the PRA:

. If the SSCs are modeled at the basic event leve, i.e., each SSC is represented by abasic
event (or sometimes, more than one if different failure modes are modeled), risk ingghts
from the PRA can be gpplied directly to the modeled component as long as the effects of
the change are gppropriately considered.

. If the SSCs are included within the boundaries of other components (e.g., the governor and
throttle valves being included in the pump boundary), or if they are included in "black
boxes' or modules within the PRA modd, or if they are modeled as part of the calculation
of human error probabilities (HEPS) in recovery actions, risk ingghts from the PRA can be
goplied if the effects of the gpplication can be mapped onto the events (e.g., modules,
HEPS) in question. In these cases it should be noted that the mapping isrelatively smple if
the event is under the same "OR gate"' with the other module or HEP events. However, if
thelogic involves"AND gates" the mapping is more complicated.
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. If the SSCs are omitted from the modd because of inherent reliability, or if they are not
modeled at dl, risk insghts for these components should be obtained through an integrated
decisonmaking process (such as an Expert Pandl) that revidts the assumptions or
screening criteria used to support the initid omisson.

[11.2.2.4 Quality of a PRA for Usein Risk-Informed Regulation

The basdinerisk profileis used to mode the plant's licensing basis and operating practices that are
important to safe operation. As such, the profile may provide ingghtsinto areasin which existing
requirements can be relaxed without unacceptable safety consequences. It is therefore essentia
that the PRA adequately represent the risk profile. To complement this requirement, it is
necessary to identify those elements of the plant that are responsible for reducing therisk to
acceptable levels and to adequatdly address those elements in the licensee's programmetic
activities. Therefore, the following criteria should be satisfied in risk-informed regulation.

. A reasonable assurance exists with regard to the adequacy of the PRA. That is, the PRA
mode properly reflects the actua design, construction, operating practices, and operating
experience of the plant and its owner. This should include plant changes arisng from the
licensee's voluntary actions, regulatory requirements, or previous changes made to the LB.

. The results and conclusions are "robust” and, where appropriate, the licensee has conducted
an andysis of uncertainties and sengtivities to show this robustness.

. Key performance dements are appropriately classified, and performance is backed up by
licensee actions. PRA results are dependent on plant activities. They reflect not only
inherent device characterigtics, but also numerous programmetic activities, such asIST,
IS, quality assurance, or maintenance. Use of a PRA to judtify relaxation of arequirement
should therefore imply a commitment to the important programmatic activities that are
needed to maintain performance at the PRA-credited levels that served as the basis for the
proposed relaxation.

[11.2.2.4.1 Review of the PRA Quality Required for an Application

The submittal must demondtrate that the licensee's technica andysisis of an gppropriate qudlity.
The required PRA qudity should be commensurate with the gpplication for which it is applied and
the role the PRA reaults play in the integrated decisonmaking process. The more emphassthat is
placed on the risk ingghts and PRA results in the decisionmaking process, the more requirements
have to be placed on the PRA in terms of how well the licensee assesses the risk and/or the change
inrisk. Emphasis on the PRA review may be reduced if a proposed change to the LB decreases
the risk or isrisk neutrd, or if proposed risk increases are calculated to be very smdll, or if the
decison could be based largely on traditiond engineering arguments, or if the licensee proposes
compensating measures and/or quditative factors (such as unquantified benefits) such that it can

be convincingly argued that the change improves safety or the risk increaseis very small.

In assessing the acceptability of a PRA for an application, reviewers should evauate the licensee's
process to ensure qudity. In addition, reviewers should reach specific findings regarding the
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quaity of the PRA for each gpplication. At aminimum, reviewers should reach these findings on
the basis of a"focused-scope" evauation that concentrates on application-specific attributes of the
PRA and on the assumptions and eements of the PRA modd that drive the results and
conclusions. Appendix A to this SRP chapter provides more detailed guidance regarding severa
issues that are important to the application-specific reviews of probabilistic evaluations performed
as part of risk-informed regulation.

The robustness of the results can be determined by developing an understanding of the
contributors and the sources of uncertainty that impact the results. For the proposed risk change,
reviewers should identify the elements that increase risk and those that decrease risk, and then
identify the contributors to both the risk increase and decrease. A review of the basic events,
assumptions, and uncertainties involved in the increase and decrease in risk will help reviewers
understand the dements that are important in determining the risk change, and thus ensure thet the
conclusions are robust with respect to the results obtained.

In addition to the focused-scope review, reviewers should consider the following factorsin
determining the need for a more detailed and larger scope staff review of the PRA:

. The PRA reaults play ardatively sgnificant role in the decisonmaking process, coupled
with the finding that the proposed change in risk and/or the basdline risk is close to the
decison guiddines as defined in Section 2.2.4 of Regulatory Guide 1.174.

. Staff audits of the licenseg's process for conducting a PRA have identified practices that
could detrimentaly affect the qudity of the technica analyss

. Results of the licenseg's anadlys's submitted in support of alicensing action are in some way
counter-intuitive or incongstent with results for smilar plants on smilar issues.

. The licenseds andlysisis part of apilot gpplication of PRA in aregulatory activity.
. The PRA includes new methods that are unfamiliar to the taff.

When a gteff review of the base PRA is necessary, reviewers should begin by evduating the results
and conclusions from available independent peer reviews of the PRA.” The gaff review should
take into account the process used in the peer review (including the review guidelines or sandards
to which the PRA is compared, the review scope and dements, the qudification and makeup of the
review team, efc.). Resultsfrom previous saff reviews of the PRA (e.g., from previous
gpplications) could aso provide agood starting point. In cases where the PRA is based on the
individud plant examination (IPE) or the IPE of externdly initiated events (IPEEE) models,
reviewers should aso be familiar with the request for additional information (RAI) issued by the

2|n April 2000, the Nuclear Energy Institute submitted a process (Ref. 8) for peer review of licensee PRAs. It was
submitted for staff review in the context of its use in categorizing SSCs with respect to special treatment
requirements (i.e., supporting NRC's risk-informed "Option 2" work (SECY-99-256, Ref. 9)). This process may

also be of usein LB changes (aswell as other regulatory activities not addressed here); if so, future revisions of this
Standard Review Plan chapter may endorse this certification process for this purpose.
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gaff in connection with those examinations, as well as the licensee's responses to those RAIs, and
the staff evaluation reports regarding the licensee's | PE and IPEEE submittals.

Reviewers could reach afinding that previousindustry or saff reviews are sufficient to show that
the PRA is of adequate quality in one or more of the review areas for the present gpplication. In
such cases, the scope of the review should be adjusted accordingly. However, reviewers should be
aware of potentia application-specific differences and of the currency of the previous review
findings with respect to the current plant design and operating procedures.

It should be noted that the NRC has not developed its own forma standards nor hasiit yet endorsed
an industry standard for PRAS submitted in support of gpplications for changesto a plant's LB that
are covered by this Standard Review Plan chapter. However, the NRC continues to support
ongoing initiatives to develop such standards and expects that ultimatey PRA standards will be
developed and endorsed by the NRC that are suitable for regulatory decisionmaking as described
in this Standard Review Plan chapter. Currently under development are standards for interna
events, externa events (e.g., seismic, high winds, and externd flooding), and low power and
shutdown modes of operation.”

111.2.2.4.2 Quality Assurance Requirements Related to the PRA

To the extent that alicensee dects to use PRA as an dement to enhance or modify its
implementation of activities affecting the safety-related functions of SSCs, gppropriate quality
requirements will also apply to the PRA. In this context, therefore, a licensee would be expected
to control PRA activity in amanner commensurate with itsimpact on the facility's design and
licenang bass. Section 2.5 of Regulatory Guide 1.174 describes the qudity elementsthat apply to
the licensee's PRA activities. Reviewers should verify that the qudity of analyses and

performance programs that affect safety-related equipment and activities will meet the qudity
guidelines described in Regulatory Guide 1.174.

[11.2.25 Evaluation of Risk Impact

In evaluating the risk impact from an application, reviewers should consder the proposed change
in risk with regard to the acceptance guiddines, the cumulative and synergidtic effects of the
application on the overal plant risk profile, and the licenseg's risk management philosophy. Each
of these itemsiis discussed in the following subsections.

[11.2.25.1 Acceptance Guidelinesfor Risk Impact from the Application

For many risk-informed applications, the licensee is expected to perform a quantitative estimate of
the total impact of a proposed action to demondirate that Principle 4 (see Section 1) has been

3 The American Society of Mechanical Engineers (ASME) recently issued " Standard for Probabilistic Risk Assessment for
Nuclear Power Plant Applications,” ASME RA-S-2002, which covers Level 1 and Level 2 (LERF only) PRAsfor internal events
(excluding fire) that occur during full power operations. The American Nuclear Society (ANS) is devel oping a draft standard for
externa events (e.g., seismic, including seismic margins, wind, flood), " Standard for Probabilistic Risk Assessment for Nuclear
Power Plant Applications: External Events.” The ANS s also developing a draft standard for low power and shutdown
conditions, "Standard for Probabilistic Risk Assessment for Nuclear Power Plant Applications: Low Power and Shutdown.” In
addition, the various engineering professiona societies are considering developing a Standard for performing afire PRA.
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satisfied. Section 2.2.4 of Regulatory Guide 1.174 discusses the acceptance guidelines for changes
to the plant'srisk. To summarize, regions are established in the two planes generated by a measure
of the basdine risk metrics (CDF and LERF) dong the x-axis, and the change in those metrics
(TCDF and TLERF) aong the y-axis (Figures I11-1 and 111-2), and acceptance guiddlines are
edtablished for each region as discussed below. These guiddines are intended for comparison with
afull-scope assessment (including interna events, external events, and events that take place

under full power, low power and shutdown conditions). However, reviewers should recognize that
many PRAs are not full-scope assessments and the use of less than full-scope PRA information
may be acceptable as discussed later.

There are two acceptance guidelines, one for CDF and one for LERF, and both should be used.
The guiddinesfor CDF are asfollows:

. If the application can clearly be shown to decrease CDF, the change is considered to satisfy
the rdlevant principle of risk-informed regulation with respect to CDF. (Because Figure
[11-1 isdrawn on alog scale, it does not explicitly indicate this region.)

. When the cdculated increase in CDF isvery smdl (lessthan 1 x 10° per reactor year), the
change should be considered regardless of whether there is an assessment of total CDF
(Region 111). While there is no requirement for the licensee to quantitetively assess the
tota CDF, information should be provided to show that there is no indication that the total
CDF could considerably exceed 1 x 10* per reactor year. Such an indication could resullt,
for exampleif the contribution to CDF caculated from a limited-scope analys's (such as
that from the |PE or the IPEEE) significantly exceeds 1 x 10* per reactor year, if the
licensee has identified a potentid vulnerability from a marginstype andyss, or if plant
operating experience has indicated a potential safety concern.

. When the cdculated increase in CDF isin therange of 1 x 10° to 1 x 10° per reactor year,
applications should be considered only if the licensee can reasonably show that the total
CDF islessthan 1 x 10* per reactor year (Region I1).

. Applications that increase CDF by more than 1 x 10° per reactor year (Region I) should not
normally be consdered.

The CDF-related guiddines listed above are to be gpplied together with the guidelines for LERF.
That is, both sets of guidelines should be satisfied. Specificdly, the guideines for LERF are as
follows

. If the application can clearly be shown to decrease LERF, the change is considered to
satisy the relevant principle of risk-informed regulation with respect to LERF. (Because
Figure I11-2 isdrawn on alog scale, it does not explicitly indicate this region.)

. When the caculated increase in LERF isvery smdl (lessthan 1 x 107 per reactor year), the
change should be considered regardless of whether there is an assessment of totd LERF
(Region 111). While there is no requirement for the licensee to quantitatively assess the
totd LERF, information should be provided to show that there is no indication that the
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total LERF could considerably exceed 1 x 10° per reactor year. Such an indication could
result, for example, if the contribution to LERF caculated from alimited scope anadlysis
(such asthat from the IPE or the IPEEE) significantly exceeds 1 x 10° per reactor year, if
the licensee has identified a potentia vulnerability from a marginstype andyss, or if plant
operating experience has indicated a potentia safety concern.

. When the caculated increasein LERF isintherange of 1 x 107 to 1 x 10° per reactor year,
gpplications should be considered only if the licensee can reasonably show that the total
LERFislessthan 1 x 10° per reactor year (Region I1).

. Applications that increase LERF by more than 1 x 10° per reactor year (Region 1) should
not normally be considered.

These guiddlines are intended to provide assurance that proposed increases in CDF and LERF are
amal and are congstent with the intent of the Commission's Sefety God Policy Statement
(Ref. 7).

The guidelines discussed above are gpplicable for full-power, low-power, and shutdown
operations. However, during certain shutdown operations when the containment function is not
maintained, the LERF guidelines as defined above are not practical. In such cases, the licensee
may use more stringent basdline CDF guiddlines (e.g., 10° per reactor year) to maintain an
equivaent risk profile or may propose an dternative guiddine to LERF that meets the intent of
Principle 4.

Asindicated by the shading in Figures111-1 and I11-2, the change request should be subjected to
technicad and management reviews that become more intensive as the cal culated results approach
the region boundaries. The technica review relaed to the risk evauation should address the
scope, qudity, and robustness of the andys's, including consideration of uncertainties. The scope,
level of detail, and qudity of analysisisfurther discussed in Sections111.2.2.2, 111.2.2.3, and
111.2.2.4 of this SRP chapter. The robustness of the results can be determined by developing an
understanding of the contributors, the sources of uncertainty that impact the results, and their
impact on whether the acceptance guidelines are met.

The necessary sophistication of this evaluation depends on both the role the risk assessment plays
in the decison and the magnitude of the potentid risk impact. For actions justified primarily by
traditional engineering condderations and for which minima risk impact is anticipated, a
bounding estimate may be sufficient. For actions judtified primarily by PRA consderations for
which a subgtantial impact is possible or is to be offset with compensatory measures, an in-depth
and comprehensive PRA analyssis generaly needed.

111.2.25.2 Comparison of Resultswith Acceptance Guiddines
In the context of integrated decisionmaking, the acceptance guiddines should not be interpreted as
being overly prescriptive. They are intended to provide an indication, in numerica terms, of what

is consdered acceptable. As such, the numerical values associated with defining the regionsin
Figures111-1 and 111-2 are approximate values used to indicate the changes that are generdly
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acceptable. Furthermore, the state of knowledge (or epistemic) uncertainties associated with PRA
cdculations preclude a definitive decison (based purely on the numerical results) with respect to
which region agiven gpplication belongs. Theintent in making the comparison of the PRA reaults
with the acceptance guidelines is to demonsirate with reasonable assurance that the proposal
fulfills Principle 4 (discussed in Section 11). The assessment of whether this has been

demonstrated must be made on the basis of an understanding of the contributors to the PRA results
and on the impacts of the uncertainties (both those that are explicitly accounted for in the results
and those that are not). Thisisasomewhat subjective process; therefore, in order to complete the
assessment, reviewers must carefully document the reasoning behind the decisons.

As discussed in Regulatory Guide 1.174, PRA vaues can be affected by particular modding
assumptions that are aresponse to the uncertainty regarding how to correctly model the plant
response following an initiating event. Thus, it isimportant that uncertainties in the PRA results

be taken into account in assessing the risk impact and in the risk-informed decisonmaking process
to demondtrate the robustness of the results. The scope of the required uncertainty andysisisa
function of the role that the quantification results play in the decison and on the significance of the
caculated change.

The generd gpproach to accounting for uncertainty is discussed in Section 2.2.5 of Regulatory
Guide 1.174. Inthat discussion, uncertainties are categorized as parameter, model, and
completeness uncertainties. In assessing andysis of uncertainties, reviewers should congder the
types and sources of uncertainties identified by the licensee, and how those uncertainties have been
addressed with reference to the decision guiddines. Specificdly, review guidance is asfollows.

. Parameter Uncertainty: Reviewers should determine whether the licensee has accounted
for parameter uncertainties in an appropriate manner so that the estimated values for
TCDF, TLERF, CDF, and LERF can be regarded as equivaent to mean values. However,
this does not imply that a detailed propagation of uncertainties is dways necessary; in
many cases, it is possible to show that a point estimate is an acceptable approximation of
the mean vaue using qudlitative arguments about the risk contributors. For example, if a
formal propagation has not been performed, it is necessary for the licensee to demondtrate
that the result is not affected by the so-called state of knowledge correlation (pecificaly,
that there are no significant contributing cutsets or scenarios that involve multiple events
for which the probabilities are determined using the same parameter, particularly if the
parameter vaue is very uncertain).

It is not uncommon for licensees to use point estimate values without defining probability
digtributions on the values. In such ingtances, it is not possible to characterize the point
edimate as amean vaue. However, for the more sgnificant parameters, some
characterization of uncertainty is essential to demondrate that the point estimate is not an
optimigtic vaue.

. Model Uncertainty: Reviewers should determine whether the results are strongly
impacted by the specific modes or assumptions adopted for the assessment of important
elements of the PRA and whether the sengtivity analyses that have been performed (if any)
are sUfficient to address the most significant uncertainties with respect to these eements.
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In some cases, particularly for smal changesin risk or for relatively minor changes, there
may be relatively few issues related to modd uncertainties. In other cases, where the
basdline risk vaues are to be estimated, the modding issues should include dl those that
have a sgnificant impact on the evauation of the basdine risk vaues. Mode uncertainties
arise when there are severd dternative approaches to the andyss of certain dements of the
PRA mode. They aretypicaly addressed by adopting a specific modd or making a
specific assumption. In such cases, the licensee should document why the particular modd
or assumption used is gppropriate both for the base case risk eva uation and for the analysis
of the impact of the change. In certain cases, it may be necessary to perform sengtivity
anayses using dternative reasonable modes or assumptions to demondirate the robustness
of the conclusions. In deciding what are reasonable dternatives, reviewers should consder
whether the aternatives have some precedent and whether they have areasonable
engineering basis.

Reviewers should pay particular attention when the characterization of amodd uncertainty
issuch that the results fal into abimoda or multi-modal distribution and one or more of
the modes exceed the acceptance guiddines. The results should then be reviewed on the
basis of an evauation of the significance of the hypotheses associated with the modes that
exceed the guiddines.

Completeness Uncertainty: Reviewers should determine whether the licensee has
adequately addressed the limitations in the PRA scope and other completenessissues,
ether by limiting the scope of the gpplication or by demondrating that the impact of the
unanalyzed portion of the risk on both the base case risk and on the change inrisk is
bounded or can be neglected. Section 111.2.2.2 of this SRP chapter discusses this further.

[11.22.5.3 Cumulative and Synergistic Effectsfrom all Applications

In evaluating the licensee's submittal, reviewers should consider the effects of the proposed
changesin light of previoudy submitted changes implemented by the licensee. Optimdly, the
PRA used for the current application should aready model the effects of past gpplications.
However, quditative and synergigtic effects are sometimes difficult to modd in the PRA.
Therefore, areview of changesin risk (both quantifiable and non-quantifiable) from previoudy
submitted changes to the plant's design and operation would provide a means to account for the
cumulative and synergistic effects of these changes.

For dl previous changes, reviewers should consider the following factors:

The cdculated change in risk for each application (CDF and LERF) and the plant eements
(SSCs, procedures, etc.) affected by each change,

Quditative arguments used to judtify the change (if any) and the plant e ements affected by
those arguments,
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. Compensatory measures or other commitments used to help justify the change (if any) and
the plant elements affected,

. A summary of the results from the monitoring programs (where applicable) and a
discussion on how these results have been factored into the PRA or into the current
goplication,

. The plant risk profile to ensure that the accumulation of changes has not created dominant
risk contributors.

If the licensee's submitta includes past changes made to the plant (but not submitted to the NRC)
that reduced the plant risk, especidly changes related to the current application, reviewers should
congder such changes in the integrated decisionmaking process. Benefits from the
implementation of the Maintenance Rule can aso be credited for the gpplicable SSCs.

Beyond cumulative effects, synergidtic effects are dso possible, and some of these might not
emerge from a quantification of the PRA. For example, if conventiona importance ranking
gpproaches are employed to determine the importance of SSCs, it would be possible that multiple
requirements could be rlaxed on certain "low” significant components under multiple
goplications. If the QA (potentidly affecting the failure rate) and the test interval (potentidly
affecting fault exposure time) were to be relaxed for the same component, the component
unavailability could increase more than expected (since failure rate and fault exposure time
combine multiplicatively in the caculaion of unavailability). If the effects of QA on falurerate
could be quantified convincingly, this would be addressed explicitly, but this cannot presently be
ensured. Asaresult, potentid exists that different gpplications might lead to unintended and
unquantified synergistic effects on the unavailability of agiven component.

Synergigtic effects on a given eement can be addressed by showing that the basic event model
adequately reflects the effects of programmatic activities, and that the caculated unavailability,
propagated through the PRA, is consistent with the needed performance with regard to the risk
indices and the defense-in-depth concept. However, it is more straightforward smply not to alow
for the relaxation of multiple programmetic requirements on a given component unless
demondtrable judtification is provided that the risk contribution from the component is negligible

for conditions covered by the set of requirements. For example, if IST isrelaxed on agiven
component, it would be preferable not to relax QA aswell unless good arguments are given for
dlowing bath.

[11.2.2.5.4 Risk Management

One of the godls of the review should be to ensure that in the course of the licensee's engineering
evauations, principles of risk management are gppropriately gpplied in the process of evauating
changes to current regulatory requirements. For the purposes of this SRP chapter, "risk
management” refers to an gpproach to decisionmaking about safety that seeks to alocate available
resources and worker dose in such away asto minimize therisk to public heath and safety from
plant operations. The gaff should recognize that thereis a point of diminishing returnsin risk
reduction and that some residua risk will be associated with plant operation. Nonetheless,
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reviewers should expect that licensees will make an effort to identify reasonable and cost-effective
measures to control thisresdua risk as part of the risk-informed regulatory process.

Therefore, as a aff expectation, the process of risk management in risk-informed decisonmaking
should not be biased toward eliminating requirements to the exclusion of enhancements that would
convey aworthwhile safety benefit. Licensees are expected to gpply risk insgghtsin an unbiased
way, and licensees who do not satisfy subsidiary safety objectives (as defined in Regulatory Guide
1.174) are expected to seek safety enhancementsin conjunction with risk-informed applications.

Therefore, when risk increases are proposed, reviewers should consider plant performance and past
changes to the LB to ensure that there is no pattern for a sysematic increasein risk. Insghtson

the licensee's operationa practices, management controls, risk management programs, plant
configuration control programs, or performance monitoring programs from previous gpplications
can be obtained from the NRC project managers, the NRC regiond offices, or documentation of
NRC inspection activities.

[11.2.3 Integrated Decisionmaking Process

The acceptability of the proposed changes should be reviewed and determined in an integrated
fashion. Staff reviewers should verify that the licensee has used the results of the traditiona
engineering analyses and the risk assessment to ensure that the submittal fulfills the principles
listed in Section |1 of this SRP chapter. Since the roles played by the traditiond analyses and the
risk analyses in the decisionmaking process determine the scope, quality, and robustness required
of those andyses, examination of the appropriate inputs and assumptions in the andyses may be
necessary for reviewers to conclude with reasonable assurance that the proposd fulfills the stated
principles.

When appropriate, the integrated decisonmaking process should include implementation and
monitoring strategies that are used to provide confidence that the results of the underlying
engineering andyses remain valid. In addition, licensees can take compensatory measures that
reduce risk to offset incompleteness or uncertainties in the analyss. Compensatory measures can
aso be usad to offset a quantifiable increase in risk with nonquantifiable but expected
improvementsin safety.

In addition, the reviewer should ensure that the scope of the proposed changes is commensurate
with, and fully supported by, the results of the andyses. That is, the scope of the change should be
dependent on the degree of completeness of, level of detail of, and confidence in, the analyses. As
an example, if the application concerned changing the treatment of SSCs according to their safety
ggnificance, amore detailled PRA mode would dlow a more detaled categorization into high or
low significance than would aless detailed PRA model. Consequently, it would be expected that
more SSCs could be characterized as low safety sgnificant in the former case than the latter. It
should be noted that both PRASs in this example may be stated to have sufficient quality for
supporting the results as they were used in the decison. In this sense, qudity can be thought of as
amessure of the confidence in the results.
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To ensure that the important assumptions used in the engineering andyssto judtify the LB change
remain vaid, the integrated decisonmaking process should ensure that the licensee maintains an
gopropriate set of programmatic activities (e.g., IST, QA, 1S, maintenance, monitoring) for
important e ements of the plant response capability. In addition, performance of compensating
SSCs should be ensured (through programmetic activities) when these SSCs are used to help
judtify the relaxation of requirements for other SSCs.

The process used by licensees to integrate traditiond and probabilistic engineering eval uations for
risk-informed decisonmaking is expected to be well-defined, systematic, and scrutable.
Appendix B to this SRP chapter presents review guidance and staff expectations for the licensee's
integrated decisionmaking process.

In evaluating the acceptability of a proposed change, reviewers should aso address the following
factors:

. The cumulative impact of previous changes and the trend in CDF and LERF (the licensee's
risk management approach),

. The impact of the proposed change on operationa complexity, burden on the operating
daff, and overdl safety practices,

. Plant-specific performance and other factors, including, for example, Sting factors,
ingpection findings, performance indicators, operationd events, and Level 3 PRA
information if available,

. The benefit of the change in relation to its CDF/LERF increase and whether it is practical
to accomplish the change with a smdler CDF/LERF impact,

. Practica actions that could reduce CDF/LERF when there is reason to believe that the
basdine CDF/LERF are above the guiddine values (i.e., 10* and 10° per reactor year).

[11.2.3.1 Review of Combined Change Requests

In assessing combined change requests, reviewers should evauate the acceptability of each of the
individua changes with respect to the defense-in-depth and safety margin guidelines discussed in
Section 111.2.1 of this SRP chapter. In addition, reviewers should evauate the overdl risk impact
of the combined changes using the guidelines discussed in Section 111.2.2 of this SRP chapter.

In evaluating the overdl (i.e., combined) risk impact, reviewers should take into account the
relationship between the individual changes. For example, in combined change requests for which
individua changes that increase risk are compensated for by other changes that decrease risk,
reviewers should evauate and understand the mgjor contributors to both the risk increase and risk
decrease, including the analysi's assumptions and uncertainties from each contributor that might
affect the decison process. Combining risk impacts from the individua contributors is prudent
when the contributors are closaly rdated in terms of anadlys's assumptions and uncertainty.
Contributors could aso be related if they impact on the same plant functions, for example.
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Conversdly, for contributors that are not closaly related, risk impacts from each change should be
evaduated on an individua basis.

Finaly, combined changes should not trade many small risk decreases for alarge risk increase
(i.e., creste anew sgnificant contributor to risk). It is expected that implementation of combined
change requests will improve, or a least maintain, the overal plant risk profile. A desirablerisk
profileis one in which no contributors are overly dominant. Therefore, proposed changes should
not create or exacerbate arisk imbaance either in terms of dominant plant eements (SSCs or
operator actions) or accident sequences.

[II.3ELEMENT 3: DEVELOPIMPLEMENTATION AND MONITORING
STRATEGIES

Implementation and monitoring Strategies are important in most risk-informed processes snce they
can provide an early indication of unanticipated degradation of SSCs or other plant performance
factors under the proposed changes. In addition, these strategies may be needed to ensure that the
plant will effectively maintain the performance of SSCsthat are relied upon to justify the proposed
changetothe LB. Section 2.3 of Regulatory Guide 1.174 provides guidance for the suggested
process related to this issue.

The primary god of the monitoring program should be to ensure that no adverse degradation
occurs because of the changesto the LB. These programs should therefore address the possibility
that the aggregate impact of changes that affect alarge class of SSCs could lead to an unacceptable
increase in the number of failures atributable to unanticipated degradation, including possible
increases in common cause failure mechanisms.

Reviewers should eva uate the implementation and monitoring Strategies on the basis of findings
obtained from the traditiond engineering and probabiligtic evaduations. When broad
implementation is proposed over ashort period of time, reviewers should verify thet thisis
consgtent with the traditiona engineering evauations, defense-in-depth consderations (including
common cause falure), and risk-evauation modds and assumptions. When thereisaneed to gain
additiond performance ingghts given a change in requirements, reviewers should verify that the
licensee has proposed a phased approach to implementation. If this phased approach involves plan
implementation for different SSC groups a different times, reviewers should so assessthe basis
for the licensee's grouping criteria, kegping in mind the potentia common cause failures.

Monitoring should be applied to SSCsin a manner commensurate with their importance to safety
as determined by the engineering evauation that supportsthe LB change. This monitoring should
be contingent on the reliability/availability alocated to SSCsin the risk modd (or on performance
of operators, where appropriate) used to support the proposed changein regulation. As such,
reviewers should ensure that the chosen performance criteria are consistent with the level of
performance dlocated in the risk andyss.

When monitoring that is dready being performed as part of the Maintenance Rule implementation
or as part of other plant programs is aso proposed for the current application, reviewers should
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ensure that the monitoring proposed is sufficient for the SSCs affected by the risk-informed
gpplication and that the performance criteria chosen are gppropriate for the application in question.

As part of the evaduation of the licensee's monitoring program, reviewers should assess the
proposed provisions for cause determination, trending of degradation and failures, and corrective
actions. The program should be structured such that feedback of information and corrective
actionsis accomplished in atimely manner and degradation in SSC performance is detected and
corrected before plant safety can be compromised. In cases when monitoring detects degradation,
there should be provisions for atrending and corrective action program, or for the SSCsto be
refurbished, replaced, or tested/ingpected more often (or a combination of these initiatives). The
preferred initiative should be selected on the basis of determination regarding the cause of the
degradation (whether it is generic, age-related, etc.). Reviewers should evaluate whether the
information gathered during monitoring activities is extensive enough to provide atimely

indication of component degradation. Since many components are inherently quite rdiable, the
limited tests on alimited number of smilar components may not provide adequate deta, especiadly
for newer plants where aging effects may not be detected until the proposed program isfully in
place (and the advantages of a phased implementation are lost). One gpproach to ameliorate this
concern would be to include performance data for smilar SSCs &t other plants with arange of
operating times to expand the applicable database over arange of component ages. Such a
program would be expected to improve the chance of early detection of SSC reliability
degradation.

Reviewers should evauate the impact on plant risk and SSC functiondity, rdiability, and
availability given the licensee's proposed implementation and monitoring plan. The benefits from
the implementation and monitoring programs should be balanced againg any negative impact on
risk.

Findly, reviewers should consider the criteriato be applied in deciding what actions are to be
taken in cases when performance fals below that predicted by the supporting evauations.
Corrective action procedures should be in place before implementation of the proposed program.

[I1.4ELEMENT 4: CONDUCT STAFF EVALUATION OF SUBMITTAL

In order for the staff to reach a conclusion regarding the acceptability of the proposed LB change
on the basis of the review guidance presented in earlier sections, the licensee must submit or make
available sufficient engineering and licenaing information. In addition, the licensee should request
appropriate regulatory action. Requests for proposed changesto the plant's LB typicaly take the
form of requests for license amendments (including changes to or remova of license conditions),
technical specification changes, changes to or withdrawa of orders, and changes to programs
pursuant to 10 CFR 50.54 (e.g., QA program changes under 10 CFR 50.54(a)). Reviewers should
determine whether (i) the form of the change request is appropriate for the proposed LB change,
(ii) the licensee submitted the information required by the rlevant regulationsin support of the
request, and (iii) the request isin accordance with relevant procedura requirements. For example,
license amendments should meet the requirements of 10 CFR 50.90, 50.91, and 50.92, aswell as
the procedura requirementsin 10 CFR 50.4. When the licensee submitsrisk information in
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support of the LB change request, that information should meet the guidance in Section 3 of
Regulatory Guide 1.174.

Licensees have a choice of whether to submit results or insgghts from risk analyses in support of
their LB change request. When the licenseg's proposed change is consstent with the currently
goproved saff positions, reviewers generaly should reach their determination solely on the basis
of traditiona engineering analysis without recourse to risk information. (Reviewers may,

however, consider any risk information submitted by the licensee)) When the licensee's proposed
change goes beyond currently approved staff positions or appears to congtitute a special
circumstance as described in Appendix D, reviewers should consider both information derived
through traditiona engineering andyss and information derived from risk ingghts. If the licensee
does not submit risk information in support of aLB change which goes beyond currently approved
daff pogtions, reviewers may request that the licensee provide thisinformation. If the licensee
chooses not to provide the risk information, reviewers will evauate the proposed gpplication using
traditiona engineering analys's and determine whether the licensee has provided sufficient
information to support the requested change. |If the licensee does not choose to address risk for a
Stuation believed to create a specid circumstance as described in Appendix D, reviewers should
not issue the requested amendment until they have assessed the risk implications sufficiently to
determine that there is reasonable assurance that the public health and safety will be adequately
protected if the amendment request is approved.

In risk-informed change proposals, licensees are expected to identify SSCswith high risk
ggnificance that are not currently subject to regulatory requirements, or are subject to aleve of
regulation that is not commensurate with their risk significance, or are voluntary actionsthat are

key to decisonmaking. In addition, licensees are expected to propose LB changes that will subject
such SSCs or voluntary actions to the appropriate level of attention, consistent with their
sgnificance. Application-specific regulatory guides set forth specific information on the seff's
expectations on thisissue. Reviewers should ensure that this application-specific guidance is
followed. If thereis no guidance, reviewers should determine whether any commitments for
enhanced requirements/controls are appropriate for such SSCs or voluntary actions, and ensure
that those commitments are reflected in the licensing basis.

[11.4.1 Update of the Safety Analysis Report

Reviewers should ensure that the proposed changes, when approved by the staff, will be
gopropriately included in future updates to the licensee's safety analysis report. In addition, the
licensee should identify important assumptions (including SSC functional cgpabilities and
performance attributes) that play akey role in supporting the acceptability of the LB change. Since
the continued satisfaction of these assumptions is necessary to maintain the vaidity of the safety
evauation, reviewers should verify that such assumptions are reflected by licensee commitments
that are incorporated into the safety anadlysis report. Reviewers should aso verify that the licensee
has submitted revised FSAR pages as necessary. Thisrevison should include dl the
programmatic activities, performance monitoring aspects, and SSC functiona performance and
availahility attributes which form the basis of the request. Thismaterid should dso identify the
SSCsfor which performance should be verified (including non-safety-related SSCs for which
performance and rdiability provide part of the basisfor the LB change).
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[11.4.2 Consderations Related to the National Environmental Policy Act

In accordance with 10 CFR Part 51, the staff's review process should address environmental
protection regulations, such as those from the National Environmental Policy Act (NEPA).
Reviewers should use NRR Office Letter 906 and 10 CFR 51.25 to determine how the NEPA
requirements are to be addressed. If it is determined necessary, an environmental assessment (EA)
should be prepared to assess whether an environmenta impact statement (EIS) is required or
whether the gaff can reach afinding of no sgnificant impact (FONS)). It is expected that, if dl of
the guidance and acceptance criteria provided in Regulatory Guide 1.174 are satisfied, the staff
should normdly be able to reach such afinding for the proposed change.
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Tablelll-1 (page 1 of 3)
Questions To Assist in Establishing the Cause-Effect Relationship

LEVEL 1 (INTERNAL EVENTSPRA)

Initiating Events

. Does the application introduce new initiating events?

. Does the application address changes that |ead to a modification of the initiating event groups?

. Does the application necessitate reassessment of the frequencies of the initiating event groups?

. Does the application increase the likelihood of a system failure that was bounded by an initiating event group to the
extent that it needs to be explicitly considered?

Success Criteria

. Does the application necessitate modification of the success criteria?

. Does the modification of success criteria necessitate changes in other criteria, such as system interdependencies?

Event Trees

. Does the application address an issue that can be associated with a particular branch or branches on the event trees, and if
S0, isthe branching structure adequate?

. Does the application necessitate the introduction of new branches or top events to represent concerns not addressed in the
event trees?

. Does the application necessitate consideration of reordering branch points (i.e., does the application affect the

sequence-dependent failure analysis)?

System Rdiability Models

. Does the application impact system design in such away as to alter system reliability models?

. Does the application impact the support functions of the system in such away as to alter the dependencies in the model?

. Does the application impact the system performance and, if so, is that impact obscured by conservative modeling
techniques?

Parameter Database

. Can the application be clearly associated with one or more of the basic event definitions, or does it necessitate new basic

events?

Does the application necessitate a specialized probability model (e.g., time-dependent model)?

Does the application necessitate modifications to specific parameter values?

Does the application introduce new component failure modes?

Does the application affect the component mission times?

Does the application necessitate that the plant-specific (historical) data be taken into account, and can this be easily

achieved by an update of the previous parameters?

. Does the application involve a change that may impact parameter values, and do the present estimates reflect the current
status of the plant with respect to what is to be changed?

Dependent Failure Andlysis

. Does the application introduce or suggest new common cause failure contributions?

. Does the application introduce new asymmetries that might create subgroups within the common cause failure
component groups?

. Isthe application likely to affect the probabilities of common cause failure?

* Information from Section 3.3 of the EPRI "PSA Applications Guide" (Ref. 5) provided substantial input to this table.
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Tablelll-1 (page 2 of 3)
Questionsto Assist in Establishing the Cause-Effect Relationship

Humean Rdiability Andyds

Does the application involve a procedure change?

Does the application involve a new human action?

Does the application change the available time for human actions?

Does the application affect the human action dependency analysis?

Does the application eliminate or modify an existing human action?

Does the application introduce or modify dependencies between plant instrumentation and human actions?

Is the application concerned with events that have been screened from the model, either in whole or in part?

Does the application impact a particular performance shaping factor (PSF), or agroup of PSFs, and are they explicitly

addressed in the estimation approach (e.g., if the issue is to address training, is training one of the PSFs used in the

human reliability analysis)?

. Does success in the application hinge on incorporating the impact of changesin PSFs and, if so, do the current estimates
reflect the current status of these PSFs?

. Isit possible that the particular group of human error events that is affected by the change being analyzed has been
truncated?

. Does the change address new recovery actions?

e o o o o o o o

Internal Flooding

. Does the application affect the screening analysis (e.g., does the application result in the location of redundant trains or
components into the same flood zone)?

Does the application introduce new flooding sources or increase existing potential flood inventories?

Does the application affect the status/availability of flood mitigation devices?

Does the application affect flood propagation pathways?

Does the application affect critical flood heights?

Does the application affect timing considerations used in the flooding analysis (e.g., flood flow rates or flood egress

rates)?
Quantification
Does the application change any of the basic event probabilities?
Does the application change relative magnitudes of probabilities?
Does the application only make probabilities smaller?
Is the new result needed in a short-time scale?
Does the application necessitate a change in the truncation limits for the model ?
Does the application affect the "delete terms" used during the quantification process? (That is, does the application
introduce new combinations of maintenance actions or operating modes that are del eted during the base case
quantification process using the delete function?)
. Does the application affect equipment credited for recovery actions, including credit for inter-system or inter-unit
crossties?

e o o o o

e o o o o o

Andyss of Results

. Does the application necessitate an assessment of uncertainty, and isit to be qualitative or quantitative?

. Are there uncertainties in the application that could be clarified by the application of sensitivity studies?

. Does the application strategy necessitate an importance analysis to rank contributions?

. Does the application necessitate the performance of an importance, uncertainty, or sensitivity analysis of the base case
PRA?

Plant Damage State Classfication

. Does the application impact the choice of parameters used to define plant damage states?

. Do the key plant damage states (KPDSs) utilized adequately represent the results of the Level 1 analysis by including the
plant damage states that have a significant frequency of occurrence?

. Have those plant damage states that have been eliminated in this process been assigned to KPDSs of higher consequence

(e.g., likelihood of large early release)?
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Tablelll-1 (page 3 of 3)

Questionsto Assist in Establishing the Cause-Effect Relationship

LEVEL 2 (CONTAINMENT ANALYSIS)

e o o o o o

Have new containment failure modes identified by the application been addressed in the PRA? Are potentia changes
accounted for?

Are any dependencies among containment failure modes being changed?

Does the application involve mechanisms that could lead to containment bypass?

Does the application involve mechanisms that could cause failure of containment isolation?

Does the application directly affect the occurrence of any severe accident phenomena?

Does the application necessitate use of risk measures other than large early release?

Does the application change equipment qualification to the point where it affects timing of equipment failure relative to
containment failure?

Does the application affect core debris path to the sump or suppression pool or to the other portions of the containment?
Do the selected source term categories adequately represent the revised containment event tree (CET) endpoints? Are
CET endpoint frequencies changed enough to affect the selection of the dominant/representative sequences in the source
term binning process?

Does the application affect the timing of release of radionuclides into the environment relative to the initiation of core
melt and relative to the time for vessel rupture?

LEVEL 3 (CONSEQUENCE ANALYSS)

e o o o

Does the application necessitate detailed evacuee doses?
Areindividual doses at specific locations needed for this application?
Is evacuation or sheltering being considered as a mitigation measure?
Are long-term doses a consideration in this application?

EXTERNAL EVENTSPRA

Does the application introduce external hazards not previously evaluated?

Does the application increase the intensity of existing hazards significantly?

Are design changes modifying the structural response of the plant being considered?

Does the change impact the availability and performance of necessary mitigation systems for an external hazard?
Does the application significantly modify the inputs to the plant model conditioned on the external event?

Are changes being requested for systems designed to mitigate against specific external events?

Does the application involve availability and performance of containment systems under the external hazard?

LOW POWER and SHUTDOWN PRA

Does the application introduce new initiating events or change the frequencies of existing events?

Does the application affect the scheduling of outage activities?

Does the application affect the ability of the operator to respond to shutdown events?

Does the application affect the reliability or availability of equipment used for shutdown conditions?
Does the application affect the availability of equipment or instrumentation used for contingency plans?
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* Theanalysiswill be subject to increased technical review and management attention as indicated by the darkness
of the shading of the figure. In the context of the integrated decisionmaking, the boundaries between the regions
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V. EVALUATION FINDINGS

The results of the reviewers evauation should reflect a conastent and scrutable integration of the
probabilistic congderations and traditiona engineering considerations provided by the licensee or
gpplicant and developed independently by the reviewers. To reach afinding of acceptability,
reviewers will generaly need to show that in light of asmall or nonexigent increasein risk and a
reduced level of conservatism, defense in depth and sufficient safety margins are maintained.
Findings of acceptability should be supported with logica bases built from an evauetion of the
consderations given in Section 111 of this SRP chapter. Reviewers should confirm that sufficient
information is provided in accordance with the requirements of this SRP chapter and that the
evauation supports the following conclusions; these confirmations are to be included in the staff's
safety evauation report.

IV.1 General

. The proposed change meets the current regulations unlessit isexplicitly related to a
requested exemption or rule change, i.e., a"specific exemption" under 10 CFR 50.12 or a
petition for rulemaking under 10 CFR 2.802.

. The proposed change is consstent with the defense-in-depth philosophy.
. The proposed change maintains sufficient safety margins.

. When proposed changes result in an increase in CDF or risk, the increases are smdl and
are consgtent with the intent of the Commission's Safety Goa Policy Statement (Ref. 7).

. The impact of the proposed change is monitored using performance-based strategies.

. All safety impacts of the proposed change are evaluated in an integrated manner as part of
an overdl risk management approach in which the licensee isusing risk andysisto
improve operationa and engineering decisons broadly by identifying and taking advantage
of opportunities to reduce risk, not just to eiminate requirements the licensee sees as
undesirable. For those cases when risk increases are proposed, the benefits have been
described and these benefits are commensurate with the proposed risk increases. The
gpproach used to identify reduced requirements was also used to identify whether there are
areas where requirements should be increased.

. The scope and qudity of the engineering analyses (including traditiond and probabiligtic
analyses) conducted to justify the proposed LB change are gppropriate for the nature and
scope of the change and are derived on the basis of the as-built, as-operated, and as-
maintained plant, including operating experience a the plant.

. The plant-specific PRA supporting the licensee’ s proposas has been subjected to quality
controls such as an independent peer review or certification.
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V.2

V.3

Appropriate consderation of uncertainty has been given to results of the analyses and
interpretation of findings, including the use of a program of monitoring, feedback, and
corrective action to address sgnificant uncertainties, where gpplicable.

CDF and LERF are used as bases for probabilistic risk assessment guidelines for
addressing Principle 4. If the Commisson's Safety God QHOs have been used in lieu of
LERF, theimplementation of such an gpproach included judtification of the methods and
assumptions used in the andys's and trestment of uncertainties.

Increasesin estimated CDF and LERF resulting from proposed LB changes are limited to
smdl increments, and the cumulative effects of such changes are tracked and considered in
the decision process.

The acceptability of the proposed changes has been evauated by the licenseein an
integrated fashion that ensures that dl principles are met.

Data, methods, and assessment criteria used to support regulatory decisionmaking are
clearly documented and available for public review.

Definition of the Proposed Change

Adequate traditiona engineering and probabilistic evaluations are available to support the
proposed LB change. Plant-specific and relevant industry data and operationa experience
also support the proposed change.

Cause-effect relationships have been identified to adequatdly link the gpplication with the
evauation models, and the proposed models can effectively evauate or redigticaly bound
the effects of the proposed change.

Information from engineering anayses, operationa experience, and plant-specific
performance history have been factored into the decisionmaking process.

Evaluations of Defense-ln-Depth Attributes and Safety Marqins

Defensein depth is preserved (for example, system redundancy, diversity, and
independence are maintained commensurate with the expected frequency and consequence
of chalenges to the system; defenses againgt potential common cause failures are
maintained and the introduction of new common cause failure mechanisms is assessed; and
defenses againg human errors are maintained).

Sufficient safety margins are maintained (for example, NRC-approved codes and standards
are met or deviations justified; and safety andys's acceptance criteriain the LB are met, or
proposed revisons provide sufficient margin to account for anays's and data uncertainty).

Current regulations have been met, or the proposed exemption is acceptable.
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IV.4 Scopeof Risk Analysis

. The licensegs risk analysis satisfactorily addresses al mode/initiator combinations or

. The licensegs risk analys's does not andyze dl mode/initiator type combinations.
However, in each ingtance, the licensee has demongtrated that
< suitably redundant and diverse plant response cgpabiility is maintained for
ggnificant initiators in these modes and
< aufficient elements of the plant response capability are subject to programmatic
activities to ensure suitable performance.

IV.5 Leve of Detail of Risk Analysis

. The PRA is detailed enough to account for important system and operator dependencies.
. Risk ingghts are conggtent with the level of detall modeed in the PRA.

V.6 Quality of the PRA

. There is reasonable assurance that the PRA is of sufficient qudity to support the
conclusions as they impact the decision, as shown by the licensee's process to ensure
qudity, including an independent peer review, and by a focused-scope gpplication-specific
review by the gaff.

. Results are robugt in terms of uncertainties and sengtivities to the key modeling
parameters.

. Key performance e ements for the gpplication have been gppropriatdy classfied and
performance is backed up by licensee actions.

V.7 Evaluation of Risk Impact

. If the risk-informed gpplication assesses whether it meets Principle 4 by evaluating the
change to risk quantitetively, then the following applies:

< The application either decreases plant risk, or if an application increases risk, the
increase is within the guiddines defined in Regulatory Guide 1.174. The
cumulative and synergidtic effects on risk from the present and previous
gpplications have been addressed. Licensee risk-management practices are being
followed to minimize the risk from plant operations.

< An appropriate congderation of uncertaintiesis provided in support of the proposed
goplication. The licensee showed that even taking into account the uncertaintiesin
the andysis, the evauation of the change in risk was robust in that there can be
confidence in the conclusions drawn with repect to the nature of the change
compared with the acceptance guiddines. This argument was supported either by
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V.8

V.9

V.10

explicit propagation or by a quditative and/or sengtivity analyss showing that no
event contributing to the change in risk is subject to sgnificant uncertainty.

If the risk-informed gpplication is based on a quditative assessment of the change to risk,
the gpplication is shown to result in adecrease in plant risk, or isrisk neutra, or CDF and
LERF increases are shown to be acceptable on the basis of bounding evaluations or
senstivity sudies

| ntegr ated Decisionmaking Process

Results from traditiona engineering analyses and risk analyses have been used to ensure
that the principles for risk-informed decisonmaking have been met.

Potentid analysis limitations, uncertainties, and conflicts are resolved by use of
conservative results, or by use of gppropriate implementation and monitoring sirategies, or
by use of appropriate compensatory measures.

The integrated decis onmaking process is well-defined, systemtic, repeatable, and
scrutable.

The scope of implementation of the change is appropriate for, and commensurate with, the
level of confidence in the results of the andyds.

| mplementation and Monitoring Strategies

The implementation process is commensurate with the uncertainty associated with the
results of the traditional and probabilistic engineering evauations.

A monitoring program that could adequatdly track the performance of equipment covered
by the proposed licensing changes was established. It was demondtrated that the
procedures and eva uation methods will provide reasonable assurance that performance
degradation will be detected and that the corrective action plan will ensure that appropriate
actions can be taken before SSC functionality and plant safety is compromised. Data from
smilar plants will be used if needed.

In addition to the tracking of performance of SSCs affected by the gpplication, the
performance monitoring process aso includes tracking the performance of SSCs that
support the underlying basis for the decisonmaking.

L icensee Submittal

The submittal includes sufficient information to support conclusons regarding the
acceptability of the proposed change.
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. The gppropriate regulatory action was requested. In addition, pertinent information on the
LB change will be included in the safety analysis report, technica specifications, or license
conditions, as necessary.

. The licensee has gppropriately committed to the important programmetic and performance
assumptionsin the PRA and engineering andyses that served asthe bass of the LB
change. Theseinclude compensatory actions used to justify the change and any new
regulatory requirements for high risk sgnificant SSCs not otherwise subject to exigting
requirements, commensurate with their risk significance. These commitments are reflected
in revisonsto the safety analysis report or technical specifications, or both, or the staff has
imposed gppropriate licensee conditions.

V. IMPLEMENTATION

The preceding materid is intended to provide guidance to gpplicants and licensees regarding the
NRC gaff's plans for using this SRP chapter for reviews of gpplications involving risk-informed
changesto the plant's design, operations, and other activities that require NRC gpproval.

Except when the gpplicant or licensee proposes an acceptable aternative method for

demondtrating that a proposed LB change is acceptable, the method described herein will be used
by the g&ff in its evauation of such changes.
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APPENDIX A
GUIDANCE FOR A FOCUSED-SCOPE APPLICATION-SPECIFIC PRA REVIEW

As dated in Section 111.2.2.4 of this SRP chapter and in Section 2.2.3 of Regulatory Guide 1.174,
PRAsthat are used in risk-informed submittals to determine risk significance or risk impact should
be shown to be of adequate qudity. In risk-informed regulation (RIR), licensee submittals are
expected to utilize an integrated process that combines risk insights from a PRA, together with
indghts from traditiona engineering andyses, supported by performance monitoring and

feedback. The quality of the PRA required to support this process is commensurate with the roles
therisk ingghts play in the find decisonmaking.

Staff evauation of alicensee's risk-informed application submitta is expected to include areview
of the licensee's process for PRA quality assurance. Where necessary, this should be
supplemented by a genera review of the event and fault tree modds, data on SSC failures and
common cause fallures, misson success criteria, initiating event andys's, human reliability
andyss, and sequence quantification including the analyss of uncertainties. These reviews should
be aufficiently detailed to give the saff confidence that the PRA gppropriately reflects the plant's
design and actud operating conditions and practices. Results from previous staff reviews (e.g.,
from prior gpplications or from |PE/IPEEE reviews) and from industry reviews (eg., from
independent peer reviews, certification processes, or cross comparisons) should be used, as
appropriate.

In addition to the genera overdl review described above, staff reviewers are expected to perform a
focused-scope review of the risk analysis on an gpplication-specific bass. This appendix provides
review guidance for the likely dements of a PRA that may affect or be affected by proposed
changesto the LB. Reviewers should choose the relevant parts of this gppendix, guided by the
application-specific SRP chapters (where available) and by the cause-effect relationship described
in Section 111.2.2.1 of this SRP chapter.

For additiona background on the PRA review, the reader isreferred to the bibliography provided
in Section A.11 of this gppendix.

A.1 Initiating Event Analysis

a. Areas of Review

Whether or not a PRA includes a particular initiating event depends on the scope of the PRA, the
frequency of the given event, the plant systems or other features available to mitigate the event,
and the consequences of the event if unmitigated. Proposed plant changes could affect the
frequency of initiating events, the probability of mitigating event initiators, and in some cases,

event consequences. |n addition, plant changes could potentidly introduce new initiating events or
increase the importance of events that were previoudy screened out.
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b. Review Guidance and Procedures

For risk-informed applications, reviewers should determine whether the licensee followed a
systemétic gpproach to determine whether initiating events and anticipated plant response are
affected by the proposed changes. Reviewers should aso determine whether the licensee's process
includes provisons to evauate whether the proposed changes can (i) increase the frequency of an
initiator aready included in the PRA, (i) increase the frequency of initiators that were initidly
screened out in the PRA, (iii) introduce new initiating events, or (iv) affect the grouping of

initiating events. These consderations are discussed in more detail in the following paragraphs.

Applications that change the frequency of an initiator or the ability of the plant to respond to event
initiators are relatively easy to modd in the risk analyssif the initiators are dready included in the
base analyss. In such cases, the licensee should have evauated the impact of the changes directly
from the risk modd.

In cases where initiators are not included in the origind risk anadlyss based on screening analyses,
the licensee should have determined whether initiating events previoudy screened out because of
low frequency might now be above the screening threshold as aresult of a proposed gpplication.
Plant changes could increase the frequency of initiating events that were rdatively infrequent to
begin with, or these changes could affect structures, systems, and components (SSCs) or operator
actions that were credited with the setisfactory mitigation of initiating events. If initiating events
increased in frequency as aresult of an gpplication to the point where it became important (i.e.,
could no longer be screened out), reviewers should verify that the licensee has modified the scope
of the andyssto reflect this change.

Low frequency of an event, by itsef, isnot usudly sufficient as a criterion for screening purposes.
The consequences of non-mitigation of the events aso play abig part in this process. For
example, interfacing system loss-of-coolant accidents (ISLOCAS) are often assessed as
low-frequency events. However, because of their impact on public hedth and safety, these
ISLOCAS can be important. Therefore, for potentialy high-consequence events, even if the event
frequency is below a screening criterion, the features that lead to the frequency being low (for
example, surveillance test practices, Sartup procedures) should be taken into account in reviews of
PRA applications.

The licensee should aso have evauated proposed plant changes to determine whether the changes
could result in initiators that were not previoudy andyzed in the PRA. For example, changes
might enhance the potentia for purious operation of components that might, in turn, cause
initiating events, or changes might increase the likelihood for operator errors of commission that
could result in plant trips. If the licensee identified mechanisms for producing new initiators,
reviewers should ensure that the licensee added those initiators to the risk analysis so that their
impacts can be analyzed.

In PRAS, initiating events are usualy grouped according to the systems required to respond to the
transent. Thisimpliesthat success criteriafor plant systems and operator responses are smilar for
al eventsin agroup. In addition, events may be screened out when it can be shown that they are
bounded in probability and consequence by other smilar events. In evauating risk-informed
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applications that affect initiating events, reviewers should ensure that grouping criteriaused in the
base analysis have not been invalidated by the proposed plant changes or, when thisis not true, the
licensee has made gppropriate changes to the event groupings.

Findly, the reeder should note that many PRAs modd initiating events as single basic events or
"black boxes" InRIR, it ispreferred that the licensee modd initiating events (especidly those
that result from the loss of support systems) using afault tree (or equivaent) gpproach so that
systemn dependencies are fully understood and accounted for. If thisis not the case, reviewers
should be aware of the combination of SSC failures or other events that could lead to the "failure”
of the black box. Thiswould lead to a better understanding of the risk contributors and is
especidly important in risk categorization gpplications.

C. Evaluation Findings

Reviewers should verify that the information provided and review activities conducted support the
following condusions:

. The licensee has adequately considered the effects of proposed changes on the frequencies
of initiating events analyzed and those previoudy screened out.

. The licensee has demongrated that the changes do not result in new initiating events or, if
new initiators have been identified, these have been added to and andyzed in the risk
modd.

. The licensee has accounted for the proposed changesin the grouping of initiating events.

. The decisonmaking process consdered the dependencies between the initiating events and
the plant's mitigation systems.

A.2 Accident Sequence Analysis (Event Trees)

a. Areas of Review

Although the evauation of risk change from most gpplications will usudly not necessitate changes
to the event tree structure or logic, reviewers should be aware that there will be some changes,
particularly those involving changesto plant procedures, that might cause a restructuring of the
event sequence logic.

In addition, the gpplication may isolate part of the PRA that is dependent on specific initiating
events. Thus, theseinitiating events and their associated event trees would have a proportionately
greater impact on the evauation of the changein risk. In this case, these event trees could be
candidates for ahigher level of scrutiny. For example, if the changes involved the addition or
subtraction of adiesd generator, the review would focus on the station blackout event tree and its
associated gtructure and logic. Similarly, if changesinvolve modification to procedures to
cross-tie eectrical buses, the review might focus on the loss of offsite power event trees.
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b. Review Guidance and Procedures

Event tree sequence models are used to modd the responses of plant systems and operations
personnd to initiating events. When the LB change request requires the review of event trees, it is
important that reviewers become familiar with their structure and with the assumptions embedded
inthem. In particular, it isimportant to identify assumptions or gpproximations that might impact
the gpplication. Such assumptions and gpproximations are not always explicitly documented. The
guidance provided below discusses approaches that reviewers can adopt to assess the
appropriateness of the modding of the LB change in the event trees.

Reviewers should familiarize themsdlves with the structure of the event trees and the associated
assumptions that are used in the congtruction of the event trees. Specific issues to consder should
include the conditions creeted by theinitiator and the chronologica requirements for systems
operation and/or operator responses for the different event tree branches. Reviewers should be
satidfied thet, if smplifications or assumptions were made in the structure and logic of the event
trees, these would remain judtifidble in light of the LB change.

Reviewers should aso sudy the functiona and physical dependencies for each phase of the
sequence and, at the same time, the interaction between operators and systems as the sequence
unfolds. Thetiming of the events and time dependencies should also be understood. A review of
the generd sructure and philosophy underlying the pertinent plant emergency and abnorma
operating procedures will provide vauable insight on the vaidity of the event tree structure and

logic.

Specificdly, reviewers should ensure that the following factors are addressed in the evauation of
the LB change:

. The event trees reflect changes (if any) to the initiating event groupings.

. The modds and analyses are consistent with the as-built and as-operated plant, i.e, the
functions necessary for safe shutdown are included, relevant systems are credited for each
function, and plant emergency operating procedures (EOPs) and abnorma operating
procedures (AOPs) are correctly represented. 1n addition, when the proposed change
affects any of these dements, the change is properly modeled.

. Changes to the plant's design or operations could affect the dependencies (functiond,
phenomenological, and operational) among the top eventsin event trees. Section A .4 of
this SRP chapter presents additiona detail concerning the review of the dependent failure
andyss.

. Time-phased evauation is normaly included for sequences with sgnificant
time-dependent failure modes (e.g., batteries for station blackout sequences) and sgnificant
recoveries (e.g., AC recovery for station blackout (SBO) sequences). The impact of the
change on event timing that could affect the structure or logic of the event trees should be
understood.
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. It is expected that the success criteria used in the event trees will not be affected by many
of the changesto the plant's design and operations. In cases where changes could affect the
success criteriafor front-line or support systems, reviewers should verify that these criteria
(hardware requirements, number of trains required, etc.) remain consstent with the
required performance criteria (flow, response time, etc.) related to functiona requirements.
However, even in cases where the change does not affect the success criteria, reviewers
should be aware that the success criteria used in the base PRA andysis could affect the
conclusions made in the eva uation of the risk change. For example, a component in a
three-train system might not be risk-significant if mission success was contingent on the
successful operation of one out of the three trains, but this component could become more
risk-sgnificant if the success criterion was two-out-of-three or three-out-of-three trains.
Section A.5 discusses the review of the success criteria used in accident sequence
modding.

C. Evaluation Findings

Reviewers should verify that information provided and review activities conducted support the
following concdlusons

. The licensee has adequately consdered the effects of proposed changes on the Structure
and logic of the event trees.

. The licensee has addressed the effects of the gpplication on sequence dependent failure
andysis, sequence timing, and success criteria

A.3 System Modding Analysis (Fault Trees)

a Areas of Review

Fault trees are used to depict the logica interreationships of credible plant events (component
hardware falures, human errors, or other pertinent events) that can lead to particular failure modes
of plant syssemsin the context of their environment and operation. In RIR, the mgority of
proposed changes would only be expected to impact the parameters that are used to quantify the
event probabilities modeled in the fault trees. In such cases, the change will not affect the fault

tree logic models themsdves. However, in cases where the change relates to a system design
change, or where the licensee is proposing temporary changes that require reconfiguration of the
system into ones that are not currently modeled, the revised fault trees should be one focus of the
gaff's review.

Other consderations of which reviewers should be aware in the area of system andysis are
whether the application can impact support functionsin such away asto dter the dependenciesin
the moddl, and whether the gpplication can impact system performance to an extent that would
require changes to the fault tree logic or modding assumptions.
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b. Review Guidance and Procedures

When the review of one or more of the system logic mode s becomes necessary, this review should
include a study of the gppropriate system notebooks from the base PRA to understand the
modeling characterigtics that may be affected by the change. 1t should aso include an evaluation
of the licensee's process for modeling the system change as well as a spot-check of the revised
system models and results. Reviewers should verify that, in modeling the change, the licensee
appropriately modified the system logic models to reflect changes in the plant's configuration,
including changes to the system design, system performance characterigtics, system dignments,
operationa procedures, and operationa philosophies. In particular, reviewers should address the
following congderaions

. The analysis of the change should account for the effects of the change on the definition of
system success. That is, if the proposed gpplication affects component configurations,
expected operability conditions, failure modes and their effects, and aternative success and
potentid failure paths, these should be taken into account. In addition, the licensee should
show that the judtification used in the origind analys's to exclude components, component
failure modes, or flow diversion peths, eic., remain vaid in light of the proposed change.
The anadysis should dso identify and account for changes that could affect environmenta
conditions that could cause system failure (e.g., room temperature, containment pressure).

. The andysis should account for interfaces with other systemns and dependence on support
functions; thisis particularly important if dependencies on motive power, control power,
component cooling, room cooling, or any interlocks have been atered by an gpplication.
Other dependencies that licensees should consder include the dependency on automatic
system initiation and the conditions that must exist for automatic dart, essential manua
actionsto initiate or control the systemn, and the resources required to fulfill misson
success (e.g., water sources, air, fud oil). When gpplicable, licensees should factor these
dependencies into the analysis of the change.

. When proposed changes ded with proceduralized test and maintenance actions or
applicable technical specification conditions, the modeling of test and maintenance
unavailabilities and the modding of restoration errors for the affected systems/components
should be reviewed. Changes to the frequency of each test or maintenance activity, its
gpproximate duration, the components repositioned for the action, the verification activities
after test and maintenance, and the availability of the system during the test procedure
should have been factored into the change andysis.

. Operationa higtory (i.e., plant-specific operationa experience) should be considered in the
review of the system models and especidly in the review of how the proposed change will
affect system operation. Considerations like recurring check vave problems (e.g.,
back-leakages), water hammer events, or flow blockages by dudge or debris should also be
congdered in the andlyss.
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. The potentid for common cause failures, including those potentidly resulting from the
change, should have been eva uated and modeled where gppropriate. Review guidance for
the evauation of common cause failuresis provided in Section A.7 of this SRP chapter.

. The function of the modeled system should remain consistent with that required in the
event tree models. Success criteria and event sequence conditions should be correctly
modeled and congstent with the definition in the event trees.

When fault tree solutions in the form of function cutsets are available, an efficient way to review
for thelogic in syslem modesis to study the cutsets produced by the solution of the linked fault
trees (i.e, the fault tree formed by linking the support system fault trees to the system fault tree).

In performing this visud ingpection, reviewers should compare the results with expectations based
on their understanding of functiona and support system dependencies. The effects of events such
as operator actions or common cause fallures can dso be easlly verified by an inspection of the
function cutsets. When expected combinations of failures are not present, reviewers should check
to see if these failures have been modeled, or if they have been truncated during modd solution, or
if thefault treelogic isincorrect (e.g., an AND gate in place of an OR gate). In short, areview of
cutsets can be one way to focus further reviews on other parts of the syslem modeding analysis.

C. Evaluation Findings

Reviewers should verify that information provided and review activities conducted support the
following concluson:

The evduation adequately reflects changes in the plant hardware or procedures, including
changes to the system design or dignments, system performance characterigtics, support
system dependencies, and operationa procedures or operationd philosophies. Where
applicable, these changes are appropriately included in the PRA system models.

A4 Dependent Failure Analysis

a. Areas of Review

Accident progression models and system models should correctly account for dependencies
between systems and operator actions needed for accident mitigation. Proposed changesto the
plant's design or operations could affect these dependencies; therefore, the evaluation of the risk
change should aso consider system-operator dependencies. However, since the modeling of these
dependencies requires detailed knowledge of the plant systems and procedures, it will not be
practicd (nor isit intended) for reviewersto verify that dl dependencies have been included in the
change evauation. Instead, reviewers should verify that the eva uation used a comprehensive and
systematic process to look for these dependencies. Reviewers should rely on their experience with
amilar change anadyses (when gpplicable) or with PRAs of smilar plants, but should be aware that
dependencies are in many cases plant-specific and will depend on plant-specific system
capabilities and interactions, procedura guidance, and timing of potential accident sequences.
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b. Review Guidance and Procedures

Review guidance in this section congsts of a discussion of the dependencies that could be
important and that could be affected by changes to the plant's design or operations. Although most
changes will not dter the origind PRA dependent failure andlysis, some design or procedure
changes could introduce new dependencies or affect existing ones. Therefore, reviewers should be
cognizant with regard to the following types of dependencies that could exist and could affect the
results of the change andysis:

Functional Dependencies. These dependencies occur because the function of one system or
component depends on that of another system or component. Functiona dependencies include
interactions that can occur when the change in the function of a system or component causes a
physicd change in the environment that results in the failure of another system or component.
Functiona dependenciesinclude the following examples:

. Shared component dependencies (e.g., systems or system trains that depend on a common
intake or discharge vave),
. Actuation requirement dependencies (e.g., systems that depend on common actuation

sgnas, common actuation circuitry, or common support systems like AC or DC power or
ingrument air for initiation or actuation) and conditions needed for actuation (eg., low
RPV water levd),

. | solation requirement dependencies (e.g., conditions that could cause more than one system
to isolate, trip, or fail), including environmenta conditions (temperature, pressure, and/or
humidity), temperature and pressure of fluids being processed, water level satus, and

radiation levels,

. Power requirement dependencies (e.g., systems that depend on the same power sources for
motive power),

. Cooling requirement dependencies (e.g., systems that depend on the same room cooling

subsysten, or the same lube oil cooling subsystem, or systems that depend on the same
service water or component cooling weter train for cooling),

. Indication requirement dependencies (e.g., systems that depend on the same pressure,
temperature, or level instrumentation for operation),

. Phenomenologicd effect dependencies (e.g., conditions generated during an accident
sequence that influence the operability of more than one system), including generation of
harsh environments that result in protective trips of systems, loss of pump net positive
suction head (NPSH) when containment heat removad islogt, clogging of pump strainers
from debris generated during a LOCA, failure of components outside the containment
following containment failure attributable to harsh environment inside the containment,
closure of safety relief vavesin BWRs on high containment pressure, and coolant pipe
breeks or equipment failures following (or resulting from) containment failure,
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. Operationd dependencies (e.g., unavailability of the suppression pool cooling mode for a
train of the resdua heat remova system when the system isin the low pressure coolant
injection mode).

Reviewers should look for evidence that the licensee properly considered the above types of
dependencies in the evauation of the change. In most cases, these dependencies should be
explicitly included in the fault tree or event tree logic modds; however, in some cases, a
qualitative evauation process may be sufficient.

Human Interaction Dependencies. These dependencies could become important contributors to
risk if operator error can result in multiple component fallures. Past PRAS show that the following
plant conditions could lead to human interaction dependencies that can become important:

. Tests or maintenance that require multiple components to be reconfigured,

. Multiple cdibrations performed by the same personnd,

. Pogt-accident manud initiation (or backup initiation) of components that require the
operator to interact with multiple components.

Reviewers should verify that the licensee's evauation of risk from proposed changesto plant
procedures or changes to operator training included a process to identify these (or smilar)
activities, and that the licensee evaluated the activities that could be risk contributors.

Component Hardwar e Failure Dependencies. These dependencies, usudly referred to as
common cause failures (CCFs), cover the failures of usudly identical components that may be
caused by design, manufacturing, ingtdlation, calibration, or operationd deficiencies. CCFsare
treated quantitatively by common cause failure probabilities or other dependence quantification
approaches. Section A.7 of this SRP chapter presents review guidance related to CCFs.

Spatial Dependencies. Multiple fallures could be caused by eventsthet fall dl equipmentina
defined space or area. These spatidly dependent failures include those caused by interna
flooding, fires, seismic events, missiles (e.g., turbine missiles), or any of the other externd event
initiators. In cases where these events could affect the results of the change evauation, and where
these events are not modeled in the PRA, the dependencies resulting from the unmodeed initiators
should be evauated qualitatively as part of the integrated decisonmaking process. Section 111.2.2
of this SRP chapter discusses the required scope of the PRA in more detail. In addition, the
change request should include the licensee's consderation of the common influences on
component operation such as adverse environment (including excessve temperature, humidity,
radiation), inadequate space, inadvertent or spurious sprinkler operation, or routine equipment
travel near mgor components. Reviewers should verify that the change request has used a
systematic process to identify potentia spatid challenges that could result in multiple failures of
SSCs.
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C. Evaluation Findings

Reviewers should verify that information provided and review activities conducted support the
following conclusion:

Dependencies between system and operator interactions have been properly accounted for
in the evauation of the proposed change. Where appropriate, these dependencies have
been included in the accident progression models (event trees) and the system anaysis
models (fault trees).

A5 Determination of Success Criteria

a. Areas of Review

Guidancein the PRA policy statement and in Regulatory Guide 1.174 stipulates thet redistic
andyds should be used in PRA implementation. The following discussion isintended to sort out
what is meant by "redigtic" andyss of success criteriaby reference to SAR andysis.

In order to fulfill itsintended purpose, SAR andysisis ordinarily based on a set of assumptions
containing sgnificant embedded conservatisms. SAR andyss d <o reflects a podtulated sngle
activefalure, in addition to whatever event initiated the sequence. When an SAR andysis shows
asuccessful outcome, there is good reason to bdlieve that (apart from beyond-single-failure
scenarios) the system will meet or exceed performance requirements for the initiating event
considered.

Applying the SAR misson success criterion in a PRA would be consarvative, in the sense thet the
probability of failure to meet this performance standard would be greater than probability of falure
to meet amore redigtic performance sandard. However, re-andyzing event sequences with
conventional SAR tools would be too burdensome to gpply to the large number of scenarios that
are defined in the course of aPRA. In addition, the rather speciaized computer codes used in
SAR analyss may not be gppropriate in beyond-sngle-falure scenarios. Traditiondly,
development of misson success andyses in PRAS has ranged from the use of fagter running
models that might not have the same leved of qudity assurance as the conventional SAR toolsto
the extrapolation of results from analyses performed on smilar plants,

In order to satify the Commisson's guiddine, then, reviewers should find that the licensee has not
distorted the PRA ingghts by usng a sysemdticaly conservative biasin misson success criteria
and that mission success criteria used to justify changes to the plant's design or operations have a
sound technical basis.

b. Review Guidance and Procedures
When it is determined that the results and conclusions of a risk-informed application are especidly

sengtive to the choice of misson success criteria, or if the modeling is particularly controversid,
reviewers should evauate the relevant success criteria and the basis for each.
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If the basisis andyticd, it may be appropriate to evauate the code and the input data used. When
it is determined that the computer codes used have not received adequate licensee or other industry
review, closer examination of the models should aso be considered.

The modds, codes, and inputs used to determine mission success criteria should meet QA
standards that are consstent with generally accepted methods. Standards should include
configuration control of the analysis inputs and results. The standards do not have to be the same
as the standards applicable to SAR analysis, but they should be explicit (i.e., engineering
caculations and codes should be verified and quality assured) and they should be formalized as
part of the licensee's QA program.

In cases where the basis for the success criteriaislacking, reviewers should ether request
additiond licensee judtification or seek independent anadlyss. Licensee judtification could include
the use of dternative plausble moddsto judtify the conclusions (thus addressing the model
uncertainty) or the redesign of the change such that the change is not affected by the choice of
success criteria

Some mission success criteria can validly be extrapolated between smilar plants when afirm basis
for the criteriaiis created at the firgt plant and when the licensee shows that plant-specific features
do not invaidate the comparison.

On an application-specific bads, reviewers should determine whether the definition of the system
success criteriawill be affected by the application-specific e ements or by the dementsin the same
minimal cutset or accident scenario as the application-specific dement. Reviewers should ensure
that the success criteriaare not so optimigtic that they underestimate the required number of
components (i.e., overestimate the sze of the minimal cutset).

C. Evaluation Findings

In cases where conclusions are sengtive to the mission success criteria, the aff's safety evauation
report should contain findings equivaent to the following:

A technica basis has been established for the misson success criteria used in the andlyss.
Anaytical eements of the technica basis have received an appropriate level of
configuration control and quality assurance. Where comparison with analogous criteria
from other plantsis possible, this comparison has been judtified.

A.6 Useof Appropriate Data

a. Areas of Review

In risk-informed applications, it isimportant that the licensee use appropriate SSC falure data
While plant-specific datais preferred, for plants with little operating history the only choice might
be the use of generic data. Furthermore, when the impact of the change is being modeled as a
modification of parameter vaues, sufficient plant-gpecific data may not exist to support the
modification. The data-rdated issues are summarized asfollows (@) if the impact of the
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gpplication is to be modded as a change in parameter values associated with basic events
representing modes of unavailability of certain SSCs, these changes should be reasonable and
should be supported by technicd argumentsincluding plant-specific and generic operationa
information (when available) and (b) the impact of the change should neither be exaggerated nor
obscured by the parameter values used for those SSCs unaffected by the change.

b. Review Guidance and Procedures

It isto be expected that, for a PRA that has undergone a technica review, parameter vaues will
have been judged to be appropriate, whether they have been evauated using generic or
plant-specific data. However, since the review was focused on the PRA as a base case modd, a
different pergpective on the appropriateness of parameter values may be required for specific
goplications. Therefore, in evaluating PRA applications, reviewers should focus on those
parameter values that have the potentid to change the conclusons of the andysis. For example,
parameters associated with SSCs that appear in the same cutsets or scenarios as the affected SSCs
have the potentia to distort the conclusions by decreasing the assessed importance of the change if
their vdues are too low, or by increasing it if their vaues are too high. Similarly, parameters that
contribute to the cutsets or scenarios that do not contain affected SSCs can decrease the
importance of the change by being too high or increase it by being too low.

The failure rates and probabilities used, especially those that directly affect the proposed
gpplication, should appropriately consider both plant-specific and generic data. The staff expects
that these values will be congstent with generdly accepted values from PRAs of smilar plants, or
the licensee should judtify significant deviations on the basis of plant-gpecific factors.

"Significant” in this context can be defined as no greater than afactor of 3 for the mean vaues of
the fallure rate or failure probability. The focus of the review should be on those parameter values
that have a sgnificant impact on the results as discussed above and that deviate Sgnificantly from
the generdly accepted norm.

If the reviewer decides that a more detailed review of the parameter vaues is appropriate, the
following guidance applies. For plant-specific data, reviewers should determine how the licensee
used plant records to estimate the number of events or failures, the number of demands, and the
operating or standby hours. Reviewers should verify the consstency between the definitions of
failure modes and component boundaries used in the risk analysis and the corresponding
definitions used in the plant records. When reviewing generic deta, it isimportant to verify that
the plant component istypica of the generic industry component. In cases where generic fallure
rates are used in combination with plant-specific data like test intervals, reviewers should verify
that the generic data are applicable for the range of plant data used.

When evaluating the impact of the change, it isimportant for reviewers to recognize the
assumptions that have gone into developing the PRA modd. For example, two modes are
commonly used for events representing the unavailability of a standby component on demand: the
gtandby failure rate modd and the congtant probability of failure on demand model. The congtant
probability of failure on demand parameter may be estimated on the basis of an assumed number
of demands, implying an average test interval. Use of such amode to investigate the impact of
extending test intervals can result in large differences between the unavailabilities of components
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for which the test intervas differ sgnificantly. Reviewers should be senstive to this effect, and
should ascertain that licensees use gppropriate models and parameters for such evaluations.

As another example, in considering plant-specific failure data, poorly performing individud
components may have been grouped with other components, alowing their poor performance to be
averaged over dl components of that type. Poor performance may arise because of inherent
characterigtics of one member of what would otherwise be considered a uniform population, or
may arise because components are operaing in amore demanding environment. If these
components are grouped together with others for which the operating conditions are more
favorable, the falure rates used for the poor performers could be artificidly lowered. If
requirements are relaxed on the basis of the group fallure rate, reduced programmatic attention to
these poor performers could lead to a greater-than-expected probability of experiencing an
inservice fallure of one of these components. Reviewers should be aware of such effects, and
should ensure that the components are grouped appropriately.

When the impact of the change is modeled as a change in the parameter values associated with
specific basic events representing modes of unavailability of SSCs, reviewers should focus on
whether the change in parameter values is gppropriate and reasonable. The licensee is expected to
document the rationa e behind the change in parameter values, and that rationale should be
carefully reviewed.

If generic values are used for the base case parameter values that are candidates for change,
reviewers should verify that the conditions under which the generic data apply do not correspond
to those which would be more appropriate for a plant with the change incorporated. This should
only be ared concern if the plant being changed is somewhat atypica with respect to the issue
being addressed by the change. Thiswould not be a concern if plant-specific data were used.

Findly, to vaidate the data used to judtify changes in risk-informed gpplications, it isimportant for
licensees to monitor the performance of components affected by the application. This monitoring
should be performed as the proposed application is phased in. For very reliable SSCs, it may be
necessary for the licensee to review available operating experience a other plants for applicability
to the licensee's plant to expand the operating experience database. Reviewers should ascertain
that the monitoring program is capable of demongrating that the performance of the components
or systems isin accordance with what has been assumed.

C. Evaluation Findings

Reviewers should verify that information provided and review activities conducted support the
following condusions.

. The failure rates and probabilities used, especialy those that directly affect the proposed
application, gppropriately consider both plant-specific and generic data that are cons stent
with generaly accepted vaues from PRAs of smilar plants, and deviations (if any) have
been judtified on the basis of plant-specific factors.
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. The licensee has sysematicaly considered the possibility that individua components could
be performing more poorly than the average associated with their class, and has avoided
relaxation for those components to the point where the unavailability of the poor
performers would be appreciably worse than that assumed in therisk analysis,

. The changes to the parameter values impacted by the application are both justified and
reasonable.

. Data used to support changes to the plant's design or operations are supported by an
gppropriate performance monitoring program.

A7 Modding of Common Cause Failures

a Areas of Review

Common cause failures (CCFs) represent the failures of components that are caused by common
influences such as design, manufacturing, ingtdlation, caibration, or operationa deficiencies.
Since CCFs can fail more than one component at the same time and can occur with greater
probability than would be predicted by the product of the individua component failure
probabilities, they can sgnificantly contribute to plant risk.

Risk-informed applications that cover SSCs as a group have the potentid to affect the CCF
probabilities of SSCswithin the given group. For the affected components, CCF probabilities
could be low or might not even be included in the basdine PRA models based on the operationa
and engineering evidence driven by current requirements. With proposed changes, there should be
assurance that the CCF contribution will not become more significant. In addition, the assessment
of the impact of the change can be affected by the CCF probabilities for other components, and can
either be exaggerated or obscured depending on the CCF probabilities.

b. Review Guidance and Procedures

Reviewers should verify that the PRA addressed potentialy significant CCFs and that, where
gpplicable, the CCF modeling has incorporated the effects of the proposed changes. Staff
evauation should include areview of the process used to select common cause component groups.

Specific review guiddines related to risk-informed applications and the assessment of the change
are asfollows

. Reviewers should verify that industry and especidly plant-specific experience involving
the failure of two or more components (especidly for the gpplication-gpecific components)
from the same cause was analyzed and incorporated into the risk mode where appropriate.

. For relevant applications, reviewers should check that licensees have appropriately
modeled the CCF of groups of equipment that were proposed for the change. In cases
where the effects of the gpplication on CCF cannot be easly evauated or quantified,
reviewers should establish that performance monitoring is cgpable of detecting CCF before
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C.

multiple failures are likely to occur subsequent to an actud system chdlenge. In addition,
to reduce fault exposure times for potentid common cause failures, phased or incrementa
implementation should be considered as part of the effort to protect against CCF.

Reviewers should ensure that the impact of the change is not inappropriately made
inggnificant by the choice of CCF probabilities for SSCs unaffected by the change. This
can occur intwo ways. Firdt, the cutsets or scenarios containing events that represent
falures of SSCs affected by the change may include CCF contributions from other SSCs
that are too small. Second, the contribution of cutsets or scenarios that do not contain
affected SSCs may be atificidly increased by having CCF contributions thet are too large
s0 that the impact of the change is obscured. These cases will impact gpplications
involving risk categorization by lowering the relative contribution (and importances) of the
affected SSCs. An understanding of these effects can be obtained from sengtivity analyses
performed by removing the pertinent CCFs or by usng more redistic vaues for the CCFs.

A common modeling approximation is to include CCF contributions only from that
combination of SSCsthat fals the function of the system. For example, if system success
is defined as success of one out of four components, usudly only a Sngle term representing
a CCF of dl four componentsisincluded. If the success criterion were two out of four, the
corresponding CCF term would represent failure of any three or dl four SSCsin the group.
While probabiligtically this usualy corresponds to the dominant contributions, care hasto
be taken when the gpplication relies on assessing the impact on risk of having onetrain
unavailable. In this case, the effective success criterion of the remaining part of the systlem
changes, s0 that in the case of the one-out-of-four system, a CCF of three SSCs becomes a
possible contributor. The impact of not modding the lower-order CCF contributors should
be investigated. Note that this can impact gpplications for which the judtification of the
change relies on risk categorization, as well as those that require an evauation of changes
to risk.

Evaluation Findings

Evduation findings should include statements to the following effect:

Common cause fallure has been suitably addressed, and the licensee has systematically
identified component groups sharing attributes that correlate with CCF potential and that
affect the gpplication.

Where applicable, the licensee's performance monitoring program addresses a phased

implementation gpproach to reduce the potentia for increased incidence of CCFs
attributable to the proposed change.
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A.8 Moaodding of Human Performance

a Areas of Review

The results of a PRA, and therefore the input it provides to risk-informed decisonmaking, can be
very strongly influenced by the modeling of human performance. Plant safety depends
ggnificantly on human performance, so it is essentid that the PRA treet it carefully. However, the
modeling of human performance, typicaly referred to as human rdiahility anadysis (HRA), isa
relatively difficult area; Sgnificant variations in gpproach continue to be encountered, and these
can yidd sgnificantly different estimates of human error probabilities (HEPS) for wheat gppearsto
be amilar human failure events. The particular vaues used for HEPs can sgnificantly influence
results of the assessment of the impact of a proposed change.

In addition to the quantification issue, there are questions rdated to what kind of human actions
can appropriately be credited in the context of a particular regulatory finding. Asan example,
suppose that PRA results appear to support relaxation of requirements for a component based on
the argument that even if the component falls, its failure can be recovered with high probability by
operator actions outside the control room. Theissues of concern here are whether the modeling of
the operator action and the evauation of the failure probability is appropriate, and whether this
kind of credit isthe sort of compensating measure that is intended by staff guidance to support
judtification of arelaxation. One further issue involves the impact of human performance that is
not explicitly modeled, but isimplicit in certain parameter values. An example is the influence of
human performance on initiating event frequency. The causes of initiating events are typicaly not
addressed; their impact isincluded in the frequency in an implicit way.

b. Review Guidance and Procedures

Reviewers should undergtand the potentidly significant human performance issues that might be
affected by the gpplication and how these are reflected in the PRA. This understanding requires a
review of the approach used to estimate human error probabilities.

The HRA can impact the assessment of the change in severd ways. Firdt, the change may directly
affect the human failure events (HFES). Second, the HFES may represent responses to failures of
the SSCsimpacted by the change. Findly, HFES unrelated to the change can obscure or
exaggerate the impact of the change (depending on their vaues) by ingppropriately increasing or
decreasing the vaue of the accident sequences unaffected by the change.

When the change directly impacts the HFES (e.g., as aresult of a procedure change or achangein
operating practice), reviewers should ensure that the licensee appropriately modded the impact;
that is reviewers should ensure that the licensee addressed the following questions:

. Whether new human actions are introduced or whether existing actions are modified or
diminated,

. Whether the change affects factors assumed to impact the likelihood of failure (usudly
caled performance shaping factors or PSFs), including the qudity of the procedures; the
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cues avalable to the operators, the quaity of the information (instrumentation) available to
the operators; the quality of the human-machine interface; the location of the interface(s);
the complexity of the task; the conditions or context within which the operators are
responding, including previous falures, previous actions, €ic.; the time available to
perform the task; the qudity of the training (type and frequency) on the specific event; the
crew interactions and their potentia for recovery from errors; and the stress on the
operators,

. Whether the human action dependency analysisis affected,

. Whether the gpplication introduces or modifies dependencies between plant
instrumentation and human actions,

. whether the screening analysisis affected.

When HFES represent responses to failures of the SSCsimpacted by the change, reviewers may
want to focus their resources on these HFES in the following ways.

. Identify any human actions that compensate for events affected by the proposed
goplication, and ensure that the licensee did not claim ingppropriate credit for these events.
For human actions that are used to compensate for a basic event probability increasing asa
result of proposed changes, licensee actions to ensure operator performance at the level
credited in the risk anadlysis should aso be a part of the change request.

. Ensure that gppropriate judtification is provided when the licensee takes credit for
post-accident recovery of failed components (repair or other non-proceduralized manual
actions, such as manudly forcing stuck valvesto open). Reviewers should also ascertain
whether the identified recovery action is obvious, feasible (given the time and physicd
congraints), and supportable by plant programs such as training.

. Ensure that the licensee assessed whether the conditions under which the human actions
are to be performed have changed significantly so that the HEP should be modified.

Reviewers should also be aware that the impact of the change can be obscured if the accident
sequences that do not contain affected SSCs are artificialy increased in vaue by HEPs that are too
large. These cases will impact applications involving risk categorization by lowering the reative
contribution of the affected SSCs. An understanding of these effects can be obtained from
sengtivity andyses performed by removing the pertinent HEPs or by usng more redistic values

for the HEPs.

Another consderation associated with the potentiad masking of important SSCsis that the SSCs
might not be included in the modd used to perform the evaluation of risk. This can happenin
severd ways.

. Cutsets or scenarios containing the SSCs may be truncated because HEPs in the same
cutset or scenario are too low. Such truncation should only be a concern if the logic model

SRP 19-A17
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was not re-solved to determine the change in risk (for example, in applications that depend
on SSC risk ranking using a pre-solved equation). The preferred resolution to this would
be arequest for re-solution with the appropriate changes made to al affected SSCs.
Section A.9 of this SRP chapter discussesthisin more detall.

SSCsmay not beincluded in the logic model structure because HEPs are so high that they
are assumed to dominate the unavailability of afunction, and therefore the associated
hardware is not modeled. However, the hardware could till be a contributor to the
caculation of risk importance. For example, the hardware (as a group) will have the same
risk importance (in terms of Risk Achievement Worth) as the associated HFE. This
suggests that the licensees should identify the important operator actions for gpplicationsin
RIR, aswédl as the equipment required to perform the specific function associated with the
action. The equipment should then be dispositioned in accordance with itsimportancein
achieving that function.

For some complex groups of operator actions (e.g., the response to an anticipated transent
without scram (ATWS) in aBWR, or the choice to go to recirculation rather than resdua
heet remova (RHR) in responseto asmal LOCA in aPWR), the PRA andysts may have
chosen to adopt a bounding approach to the accident scenarios that precludes having to
address subsequent actions. This could mean that the equipment associated with those
actions might be overlooked in the change process.

Evaluation Findings

The aff safety evauation report should include language equivaent in effect to the following:

A9

a.

The modeling of human performance is gppropriate.

Post-accident recovery of failed componentsis modeled in adefensble way. Recovery
probabilities are redigticaly quantified. The formulation of the mode shows
decisonmakers the degree to which the gpparently low risk significance of certain itemsis
dependent on credit for recovery of failed components (restoration of component function,
as opposed to actuation of a compensating system).

When human actions are proposed as compensatory measures as part of a proposed change,
licensee actions to ensure operator performance at the level credited in therisk andysis
(e.g., by training, procedures, etc.) are dso a part of the change request.

Sequence Quantification

Areas of Review

The gtaff would not generdly anticipate the need to perform a detailed review of the quantification
of the changein risk; however, some details of the quantification process should be confirmed.
Specificdly, reviewers should be confident that the licensee's evaluation processis sufficient to
account for the potentia effects of the proposed change on modding smplifications and
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assumptions made during the quantification of risk. In addition, the staff should ensure that the
chosen sequence truncation limits are appropriate so that important sequences are not discarded
and find results are not sengtive to the chosen truncation limit.

b.

Review Guidance and Procedures

Reviewers should verify that mode smplifications and assumptions made during the
quantification process are properly accounted for in evauating of the change in risk, asillustrated
by the following examples:

Reviewers should ensure that the licensee accounted for model asymmetries during the
aoplication of the PRA modds. Asymmetries could result from modeling assumptions
(e.g., assuming onetrain to be the operating train, and the second train to be the standby
train), from differences in support system dignment, or from actud differencesin sysem
design or operating procedures. The licensees should have accounted for these
asymmetries when eva uating changes to the affected systems.

Reviewers should ensure that, if cutset/sequence deletion is performed during
quantification, these are correctly addressed in the assessment of risk change. In some
quantification processes, cutsets that contain combinations of maintenance actionsthat are
disalowed by the Technica Specifications are deleted from the accident sequence
equations after the merging of functiona cutset equations. This is done to avoid undue
consarvatism. If the PRA application deals with Technica Specification alowed outage
issues, reviewers should confirm that any impacts on such deletions have been correctly
addressed.

Reviewers should ensure that, if operator recovery actions are incorporated after the initial

quantification, these actions are fill valid in light of the proposed change. Section A.8 of
this SRP chapter discussesthisin more detall.

Circular logic in fault treeswill cause the quantification process to abort. Thisis a problem
for systems such as the emergency service water system, which provides cooling to the
emergency diesel generators, but requires power from those diesd generators when offsite
power islost. Another example isthe mutua dependency between the DC and AC power
systems. In Stuations such asthese (i.e., when the physical Situation has embedded
circular dependencies), andysts have to breek this circularity to alow for modd solution.
For changes on systems that are affected by circular logic, reviewers should investigate the
manner in which the circularity was broken (usudly in the sequencing of functionsin the
event tree) and should verify that the dependency is till being accounted for in the
evauation of the risk change.

Sequence Truncation

The gtaff prefers that licensees caculate the change in risk from the application by requantifying
the base PRA model so that the potentid effects of origindly truncated events can be accounted
for should they become important as aresult of an application. If the licensee did not requantify
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the modd, or if the application depended on therisk ranking of SSCs from a pre-solved equation,
reviewers should use the guidelines provided below.

Reviewers should be assured (either by documentation provided in the licensee's submittal or by
an independent gaff andysis) that cutset or scenario truncation did not introduce errors into the
gpplication results or the logic of the PRA that affects the gpplication. Staff review could also
involve performing (or reviewing) sengtivity sudies where the truncation limit is lowered for the
dominant sequences and event initiators, as well as studying the resultant cutsets or scenarios to
see if there are any hidden dependencies or unusual/unexpected event combinations (especidly if
these involve components affected by the proposed gpplication).

Staff review could dso include comparing alist of the events affected by the application that isin
the fina truncated cutset equationsto the list of application-specific basc events used in the fault
tree and event tree models. Thisyiddsalist of events that did not make it pass the truncation
process. Documentation should be available to enable reviewers to determine the reason truncated
events are not important to risk.

Finaly, in PRA models where common cause failures and human dependencies are incorporated at
the sequence levd after atruncated set of minima cutsets has been obtained, reviewers should
verify that the truncation criteriaused in the PRA do not lead to cutsetsinvolving gpplication-
specific components being truncated that could be important if common cause failures or human
dependencies are considered.

C. Evaluation Findings

Reviewers should verify that the information provided and review activities conducted support the
following condusions:

. The change is appropriately modeled and is properly quantified.

. The licensee has satisfactorily established that conclusions are not adversdy affected by
truncation either because (i) the change in risk from the application was caculated by the
requantification of the base mode, or (ii) if modd requantification was not performed, or if
the application depended on the risk ranking of SSCs from a pre-solved cutset equation, the

fallowing gpply:

< The truncation criterion is sufficiently low to ensure stable results, thet is, the
magnitude of the CDF or release frequency will not change as aresult of lower
truncation limits, and the grouping of SSCsinto risk categories will not be affected.

< The components affected by the application are, for the most part, not truncated out

of the modd. In cases where they are, a qualitative assessment can demonstrate the
reasons why they are unimportant to risk.
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A.10 Modding of Containment Response and Changesin L arge Early Release Freguency

a Areas of Review

The purpose of this section isto provide guidance for use in reviewing the licenseg's evaluation of
changesin LERF stemming from proposed changes to the plant's design or operations.

In genera, only a subset of CDF sequences will be affected by a change. Whether or not this
subset contributes sgnificantly to LERF depends on severd plant-specific characteristics. This
section focuses on the characterigtics that strongly affect LERF and identifies review approaches
based on these characterigtics. It dso provides guidance to help reviewers identify the mgor items
related to functiond plant capabiility that directly affect the potentid for large early rdease, to

direct reviewersin establishing whether the proposed changes can affect this cgpability, and to
determine whether the licensee has gppropriatey addressed these itemsin estimating changesin
LERF.

b. Review Guidance and Procedures

There are saverd ways in which a change to the plant's design or operation can significantly ater
LERF, including those that:

. Change the frequency of containment bypass sequences (e.g., seam generator tube ruptures
and interfacing system LOCAS).

. Change the frequency of core damage sequences that pose severe chalengesto
containment (e.g., sequences resulting in elevated reactor coolant system (RCS) pressure
during core damage and at vessd failure).

. Change the performance of systlems involved in containment safety functions (eg.,
containment isolation, containment heat removal, containment sprays, hydrogen control).

. Change the performance of systems or operator actions that affect accident management
drategies (e.g., depressurization, venting).

. Change the frequency of core damage sequences occurring a shutdown with containment
functionality reduced.

The guidance provided below focuses, for each plant type, on particular examples of these generd
categories.

Based on previous PRAS, draft NUREG/CR-6595 devel oped some insights on the factors that
mogt strongly affect the estimated likelihood of alarge early release. Although plant-specific
details may become significant in some cases, it was found that plants of each mgor containment
type tend to be smilar in the types of sequencesthat could lead to alarge early release, reflecting
strengths and weaknesses of that containment structure and particular features of the core damage
sequences that characterize that plant type. Based on these insghts, draft NUREG/CR-6595
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presents a screening approach to eva uate the frequencies of dominant containment failure modes
and bypass events. The purpose of this gpproach isto provide estimates of LERF, given certain
characteristics of core damage sequences asinpuit.

The review approach presented in this SRP section builds upon the underlying insights from draft
NUREG/CR-6595. For each mgor containment type, particular consderations are suggested for
attention in the review process. However, it is not intended to suggest that these considerations
exhaust the technica issues that affect the potentid for large early release. For example, where
plant-specific PRA Level 2 andyses exig, these could provide further ingghtsinto LERF
consderaionsfor that plant.

For each mgor containment type, the factors that most strongly affect the potentid for large early
release (given that a core damage sequence is underway) are as follows:

PWR Large Dry: Containment bypass
Containment isolation
RCS depressurization
Emergency core cooling (ECC) restoration before vessd failure

PWR Ice Condenser: Containment isolation
Containment bypass
Hydrogen igniters
RCS depressurization
ECC restoration before vessd failure

BWR Mark | and Il:  Containment isolation
Containment bypass
Venting
Containment hest remova: decay hesat
Containment heat removd: ATWS
RCS depressurization
ECC regtoration before vessd failure

BWR Mark I11: All Mark | and Mark Il issues
Igniters

It should be noted that, at some BWRs, many sequences that result in vessdl breach have a
sgnificant probability of dso faling the containment. Also, the reader should note that aloss of
containment heat remova may sgnificantly contribute to CDF.

In reviewing the caculation of change in LERF for agiven plant type, reviewers should consider
the following fectors

SRP 19-A22



Containment Bypass.

Whether the proposed change affects systems that are credited in the prevention of, or in
response to, an initiating event involving a steam generator tube rupture (SGTR) or an
ISLOCA.

Whether the proposed change affects the frequency or severity of transents that could
result in induced steam generator tube ruptures (ISGTR) (i.e., tube rupture in the course of
an accident, caused by devated temperatures and/or elevated pressure differentias).

If the proposed change does not directly affect seam generator tube integrity, and the
geam generators in the plant are not experiencing significant degradation, only a
quaitative andysis may be needed to ensure that the risk of ISGTR is not significantly
increased by the proposed change. However, if the plant has suffered a steam generator
tube rupture, or has been shut down because of excessve sseam generator tube leakage, or
has detected tubes that do not meet gpplicable ASME Code requirements for structural
integrity, or has repaired a sgnificant amount of tubes as aresult of free span degradation,
the application should provide a more thorough andyss of the effects of the proposal on
the risk associated with ISGTR.

Containment Isolation:

Whether the proposed change affects systems that perform or support the isolation
function.

Whether the proposed change affects systems that prevent or mitigate core damage
seguences initiated during periods of reduced containment functiondity (e.g., shutdown).

Whether the proposed change affects the ability to restore containment function during
such periods (e.g., AC power, plant procedures).

Igniters

Whether the proposed change affects the igniters or any applicable support systems.

ECC Restoration Before Vesd Fallure:

If credit was taken in the estimate of LERF for recovery of cooling before vessd failure,
whether the proposed change affects performance of any system thus credited (including
support systems).

Whether the proposed change affects other accident management strategies credited in the
PRA (eg., externd vessd flooding).

RCS Pressure at Vessa Failure:

Whether the proposed change affects the capability to depressurize the RCS.
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Venting:
. Whether the proposed change affects the capabiility to vent the containment.
Containment Heet Removd:

. Whether the proposed change affects systems credited in containment heet removal
(including front-line and support systems).

. Whether the proposed change affects the frequency or severity of ATWS sequences.

For each of the above consderations that apply, reviewers should ascertain that the licensee
adequately eva uated the effects and took them into account in caculating the change in LERF.

C. Evaluation Findings

The safety evauation report should contain findings equivaent to the following.

. The cdculaion for the change in LERF resulting from a proposed change has
systematically taken into account the dominant causes of containment failure. In particular,
the cal culation has considered bypass sequences, sequences posing relatively severe
chalenges to containment or sequences occurring during periods of reduced containment
functiondity (shutdown); performance of sysemsinvolved in containment safety
functions, including containment heat remova, sprays, isolaion, and restoration of
containment functionaity (shutdown); and performance of sysemsinvolved in accident
management Srategies.

A.11 Bibliograph

This section provides alist of documents of that the staff could use as reference or background
materid during the review process. This bibliography is divided into generd categoriesin the
aress of desirable PRA attributes, review of the PRA, uncertainty and sengitivity anayses, and use
of the PRA inrisk ranking. In addition, a bibliography is provided for each of the review
categories discussed in Sections A.1 through A.10 of this gppendix.

General - Desirable PRA Attributes

Electric Power Research Indtitute, "PSA Applications Guide," EPRI TR-105396, August 1995.

Electric Power Research Indtitute, "Development of a Quality Pedigree Process and Application to
the Duane Arnold Energy Center Probabilistic Safety Assessment,” EPRI TR-106575, August
1996 (proprietary document - contact EPRI for availability).

International Atomic Energy Agency, "Procedures for Conducting Probabilistic Safety
Assessments of Nuclear Power Plants (Level 1)," IAEA Safety Series N0.50-P-4, 1992.
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1994.
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USNRC, "The Use of PRA in Risk-Informed Applications,”" (Draft for Comment) NUREG-1602,
April 1997.

USNRC, "PRA Procedures Guide," NUREG/CR-2300, January 1983.

USNRC, "Probabilistic Safety Anadysis Procedures Guide," NUREG/CR-2815, Rev. 1, August
1985.

USNRC, "Plan for Implementing Regulatory Review Group Recommendations,” SECY -94-003,
January 1994.

General - Review of the PRA

Boiling Water Reactor Owners Group, "Report to the Industry on PSA Peer Review Certification
Process. Pilot Plant Results," January 1997.

Electric Power Research Ingtitute, "Individud Plant Examination Review Guide" EPRI
TR-100369, February 1992.

Internationa Atomic Energy Agency, "IPERS Guiddinesfor the Internationa Peer Review
Service" IAEA-TECDOC-832 Second edition, October 1995.

USNRC, "Individua Plant Examination: Submittal Guidance," NUREG-1335, August 1989.

USNRC, "Procedura and Submitta Guidance for the Individua Plant Examination of Externd
Events (IPEEE) for Severe Accident VVulnerabilities” NUREG-1407, May 1991.

USNRC, "PRA Review Manual," NUREG/CR-3485, 1985.
General - PRA Uncertainties and Sensitivity Studies

Apostolakis, G.A., "Probability and Risk Assessment: The Subjectivigt Viewpoint and Some
Suggestions,” Nuclear Safety, 19(3), pages 305 - 315, 1978.

Apogalakis, G.A. and Kgplan, S, "Ritfdlsin Risk Caculations," Reliability Engineering, Val. 2,
pages 135 - 145, 1981.
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Kaplan, S, and Garrick, B.J,, "On the Quantitative Definition of Risk," Risk Analyss, Val. 1,
pages 11 - 28, March 1981.

Parry, G.W., and Winter, P.W., "Characterization and Evauation of Uncertainty in Probabilistic
Risk Andyss," Nuclear Safety, 22(1), pages 28 - 42, 1981.

Proceedings of Workshop | in Advanced Topicsin Risk and Rdiability Anadlyss, Mode
Uncertainty: Its Characterization and Quantification, held in Annapolis, Maryland, October 20-22,
1993, University of Maryland Press, 1996.

Specid Issue on Treatment of Aleatory and Epistemic Uncertainty, Reliability Engineering and
System Safety, Vol. 54, nos 2 and 3, November/December 1996.

USNRC, "A Reviaew of NRC Staff Uses of Probahilistic Risk Assessment,” NUREG-1489
Appendix C.6, March 1994.

USNRC, "Sengtivity Andyss Techniques. SAf Teaching Curriculum,” NUREG/CR-2350, June
1982.

USNRC, "Approaches to Uncertainty Analysisin Probabilistic Risk Assessment,”
NUREG/CR-4836, January 1988.

General - Use of PRA for Risk Ranking
USNRC, "Measures of Risk Importance and Their Applications," NUREG/CR-3385, July 1983.

Vesdy, W.E., "The Use of Risk Importances for Risk-Based Applications and Risk-Based
Regulation," in proceedings of PSA '96, Park City Utah, September 1996.

Initiating Events

Electric Power Research Indtitute, "ATWS--A Regppraisa, Part 3, Frequency of Anticipated
Transents," EPRI NP-2330, 1982.

Nuclear Safety Analysis Center, "Loss of Offsite Power at U.S. Nuclear Power Plants Through
1991," NSAC-182, March 1992.

USNRC, "Evauation of Station Blackout Accidents at Nuclear Power Plants," NUREG-1032,
June 1988.

USNRC, "Deveopment of Trandent Initiating Event Frequencies for Use in Probabiligtic Risk
Assessments," NUREG/CR-3862, May 1985.

USNRC, "Modeling Time to Recovery and Initiating Event Frequency for Loss of Offsite Power
Incidents a Nuclear Power Plants," NUREG/CR-5032, January 1988.
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USNRC, "ISLOCA Research Program Fina Report,” NUREG/CR-5928, July 1993.
Accident Sequence Analysis (Event Trees)

USNRC, "PRA Procedures Guide,” NUREG/CR-2300 Chapter 3.4, January 1983.
System Modeling Analysis (Fault Trees)

USNRC, "Fault Tree Handbook," NUREG-0492, January 1981.

USNRC, "PRA Procedures Guide,"” NUREG/CR-2300 Chapter 3.5, January 1983.
Dependent Failure Analysis

USNRC, "PRA Procedures Guide," NUREG/CR-2300 Chapter 3.7, January 1983.
Determination of Success Criteria

Brookhaven National Laboratory, "MAAP 3.0B Code Evauation Final Report,” FIN L-1499,
October 1992.

Electric Power Research Inditute, "MAAP Therma-Hydraulic Quantification Studies,” EPRI
TR-100741, June 1992.

Electric Power Research Indtitute, "MAAP BWR Application Guiddines,” EPRI TR-100742, June
1992.

Electric Power Research Ingtitute, "MAAP PWR Application Guiddines for Westinghouse and
Combustion Engineering Plants,” EPRI TR-100741, June 1992.

Fauske & Associates, Inc., "MAAP 3.0B Usars Manua," March 1990.
USNRC, "RELAP5/MOD3 Code Manua," NUREG/CR-5535 Volumes 1-5, June 1990.
USNRC, "TRAC-PF1/MOD2 Code Manual," NUREG/CR-5673 Volumes 1-4, 1994.

Westinghouse Electric Corporation, "Reactor Coolant Pump Seal Performance Following Loss of
All AC Power," WCAP-10541, Revision 1.

Use of Appropriate Data

Electric Power Research Indtitute, "Nuclear Plant Reliability: Data Collection and Usage Guides,"
EPRI TR-100381, April 1992.

Idaho Nationd Engineering Laboratory, "Emergency Diesd Generator Power System Reliability
1987-1993," INEL-95/0035, February 1996.
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Ingtitute of Electricad and Electronics Engineers, " Guide to the Selection and Presentation of
Electricd, Electronic and Sensing Component Reliability Data for Nuclear Power Generating
Stations," IEEE-STD-500 Rev. 1, 1984.

Internationa Atomic Energy Agency, "Component Reliability Datafor Use in Probabilistic Safety
Assessment,” IAEA-TECDOC-478, October 1988.

Internationa Atomic Energy Agency, "Evauation of Rdiability Data Sources,”
IAEA-TECDOC-504, April 1989.

Internationd Atomic Energy Agency, "Survey of Ranges of Component Reliability Datafor Usein
Probabilistic Safety Assessment,” IAEA-TECDOC-508, June 1989.

T-Book, 3rd edition, "Reliability Data of Components in Nordic Nuclear Power Plants" published
by ATV Office, Vattenfal AB, Sweden, 1992.

USNRC, "Data Summaries of Licensee Event Reports on Pumps at U.S. Commercia Nuclear
Power Plants," NUREG/CR-1025 Rev. 1, 1982.

USNRC, "Data Summaries of Licensee Event Reports of Vaves of U.S. Commercid Nuclear
Power Plants," NUREG/CR-1363, 1982.

USNRC, "Data Summaries of Licensee Event Reports of Selected Instrumentation and Control
Components at U.S. Commercia Nuclear Power Plants, January 1, 1976 to December 31 1981,"
NUREG/CR-1740, 1984.

USNRC, "Data Summaries of Licensee Event Reports of Invertersat U.S. Commercia Nuclear
Power Plants, January 1, 1976 to December 31 1982," NUREG/CR-3867, 1984.

USNRC, "Data Summaries of Licensee Event Reports of Protective Relays and Circuit Breskers at
U.S. Commercia Nuclear Power Plants, January 1 1976 to December 31 1983," Draft
NUREG/CR-4126, 1985.

M odeling of Common Cause Failures

Idaho Nationd Engineering Laboratory, ""Common Cause Fallure Data Collection and Anayss
System,” Draft INEL-94/0064, December 1995.

Internationd Atomic Energy Agency, "Guiddines for Conducting Common Cause Failure
Analysisin Probabilistic Risk Assessment,” IAEA-TEC-DOC 648, 1992.

USNRC, "Procedures for Treating Common Cause Failuresin Safety and Reliability Studies,”
NUREG/CR-4780 Volumes 1 & 2, January 1988.
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Chien, SH., et. d., "Quantification of Human Error Rates Using SLIM-Based Approach," |IEEE
Fourth Conference on Human Factors and Power Plants, 1992.

Electric Power Research Indtitute, " Systematic Human Action Reliability Procedure,” EPRI
NP-3583, June 1984.
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EPRI RP-2170-3, December 1984.
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APPENDIX B
INTEGRATED DECISIONMAKING

Risk-informed applications are expected to require a process to integrate traditiona engineering
and probabilistic considerations to form the basis for acceptance. In order for this decisionmaking
process to be effective in rendering accurate representations of plant safety and risk, the staff
anticipates that licensees will have documented guidance to ensure consstent and defensible
results. Such guidance would also dlow staff reviewers to reconstruct the logic and events
involved in the integration process.

This gppendix discusses issues that the staff should address during reviews of the licensees
integrated decisionmaking process (sometimes referred to as the "expert pand™ process).

a. Areas of Review

Staff reviewers are expected to evauate proposed changesto the LB by taking into account both
traditional and probabilistic engineering consderations. For each change, reviewers should
evauate the licenseg's judtification for the change and the process by which the results were
obtained. In many pilot risk-informed applications, licensees have judtified changesto the LB
through the use of integrated decisionmaking panels (or expert panels) especidly in cases where
there are broad applications of PRA and traditiond engineering results over alarge number of
plant elements (SSCs, operator actions, etc.). A review of the licenseg's integrated decisonmaking
process would ensure a better understanding of the reasons, assumptions, approaches, and
information used to justify these changes.

b. Review Guidance and Procedures

Since the licenseg's integrated decisonmaking process is responsble for judtifying the
acceptability of the proposed changes to the LB, the staff anticipates that licensees will document
the processin ardatively forma fashion. The staff may not routingly audit dl of the licensee's
findings or recommendations, but the documentation should exist to support such areview, and
should be maintained for the life of the plant or until such time at which the recommendations are
invaidated by later changes.

Staff Expectations of the I ntegrated Decisionmaking Process

Reviewers should ensure that the licensee's decisonmaking process contains the following
attributes:

. The process should be well-defined, systematic, repeatable, and scrutable. This process

should be technicaly defensible and should be sufficiently detailed to dlow an
independent party to reproduce the mgjor results.
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Deliberations should be gpplication-specific. The objectives proposed for the integrated
decisonmaking process for a particular gpplication (particularly, how the results are to be
utilized) should be well defined and relevant to the given gpplication.

Membership in the decisionmaking team should include experienced individuas with
demondtrated skills and knowledge in relevant engineering disciplines (depending on the
gpplication), plant procedures and operations, plant systems (including operationa history),
system response and dependencies, operator training and response, details of the
plant-specific PRA, and regulatory guidance.

The decisonmaking team should have been advised of the specifics of al proposed
changes and the relevant background information associated with the licensing action. In
addition, since the judgement will depend, in part, on the results of arisk andysis, itis
important that dl team members be provided with an interpretation of the results of the risk
model and the potentid limitations of that modd.

The licensee's integrated decisonmaking process should take into account the principles
and expectations described in Section 11 of this SRP chapter.

In formulating the findings, the licensee should account for both probabilistic and

traditional engineering consderations. This should include information from the risk
andysds, traditiond engineering evauations and ingghts, quantitative sengtivity sudies,
operationa experience and higorica plant performance, engineering judgment, and current
regulatory requirements. Potentia limitations of the risk mode should be identified and
resolved. In addition, the licensee should individualy consider and evauate dl SSCs that
are affected by the proposed application but are not modeled in the PRA, on the basis of
guidelines smilar to those provided later in this gppendix or in Section C.2 of Appendix C
to this SRP chapter. Findly, the licensee's conclusions should be sufficiently robust with
regard to different plausible assumptions and andyses.

When findings or conclusions depend, in part, on the use of compensatory measures, the
licensee should justify why the compensatory measures are an gppropriate substitute for a
proposed relaxation in current requirements. The compensatory measures should also
become part of the plant's licensing basis.

Technical Information Basisfor Applications Involving Risk Quantification or Risk
Categorization

The staff expects that the information base supplied to the integrated decisonmaking pane will be
cgpable of supporting the findings that should be made in the context of the specific risk-informed
goplication. For example, in risk quantification and risk categorization gpplications, the following
guiddines should be gpplicable.

At least the Level 1 portion of the internd events PRA should be formulated in such away
as to support quantification of a changein risk (1 CDF and 1 LERF) and importance
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measures, and should provide quditative information (e.g., minima cutsets) adequate to
support defense-in-depth findings.

. There should be an inventory of plant response capability for probabiligicaly sgnificant
operating modes and initiating event categories (internd, externd, flood, fire, siamic,
etc.). Given afull-scope Level 2 PRA, this requirement could be satisfied by an inventory
of event tree success paths, with an indication of the mission success criteria, systems, and
SSCsinvolved in each path. Lacking afull-scope Leve 2 PRA, surrogate information
should be developed for unanayzed aress, along the lines described in Section 111.2.2.2 of
this SRP chapter. This requirement is necessary in order to show the safety functions
performed by SSCs (or other plant elements) affected by the gpplication.

. Causd models (determination of cause-and-effect relationships) should be developed to
support an evauation (quditative or quantitative) of the change inrisk as afunction of the
gpplication. Thisis necessary in order to relate the application to actud risk indices.

Documentation of inputs to the decisonmaking pand should be part of the process. Reviewers
should verify the scope and depth of the information base, especidly information supplied
regarding modes and/or classes of initiators unanalyzed in the PRA.

Treatment of SSCs Not Modded in the PRA

PRAs do not modd al SSCsinvolved in performance of safety functions for various reasons.
However, this should not imply that unmodeled SSCs are not important in terms of contributions
to plant risk. For example, SSCs are omitted in some cases because the andysts take credit for
programmetic activities that ensure alow failure frequency for that item or ashort fault exposure
timein the event that it doesfail. In such cases, even though the PRA results will not reflect the
SSC at dl, it would be ingppropriate to conclude that the programmatic activity is unimportant.

Consequently, one task of the integrated decisionmaking pand isto extrapolate from the PRA and
other information sources to draw conclusions about SSCsthat are not modeled in the PRA. This
does not mean that the pand is to impute to the PRA high-leve results that were not generated in
the andlysis, however, it does mean that if a success path is modeled in the PRA, the pandl is
justified in reasoning that unmodeled SSCsin that path are relied upon. If items were screened
from the PRA, the pandl should be aware of the screening processin order to avoid violating the
bass for the screening.

For SSCs not modeled in the PRA, reviewers should verify that the decisonmaking panel has
performed the following tasks.

. Review the PRA assumption base for instances in which initiators were screened out on the
basis of credit for SSCs affected by the application.

. Review plant operating history for initiating events that might have been prevented by the
proposed application.
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. Review plant operating history for failures of mitigating system trains attributable to events
that might have been prevented by the proposed application.

. Review accident sequence modeling for instances in which early termination of the
andysis obscured challenges to affected SSCs that would normaly come into play later
than the termination point.

Possible dispostions of the above tasks include the following results:

. Theitem will not affect initiating event frequency or mitigating system performance under
reasonably foreseeable circumstances, and the proposed change is warranted.

. Although unmodeed, the item aready receives and will continue to receive programmatic
atention commensurate with its Sgnificance. In cases where reduced commitments are
proposed, adequate judtification is provided for this reduction.

. The item does not currently receive sufficient programmetic attention and may be subject
to tighter controls.

Reviewers should verify that the safety significance of SSCs not modeled in the PRA (but affected
by the proposed application) are appropriately characterized and justified.

Addressing Limitations of the Risk Analysis

One objective of the integrated decisonmaking process is to overcome certain limitations of the
PRA. However, this does not include subgtituting the analyst's judgment for essential PRA results.
One reason for developing PRA modds s that the complexity of many facilities makes judgment
difficult in many contexts.

Generdly, if the PRA highlights a plant vulneraility, this should be taken serioudy and should

not be discounted on the basis of judgment. If the andyst can show that the PRA representation of
avulnerability isinvaid, then the PRA should be modified, and the licensee should work with the
results of the revised PRA.

To address theissue of credit for unmodeled systems that would change a PRA result, the
preferred method isto dter the PRA to take the credit. Reviewers should be aware that cases may
potentialy arise in which credit for an unmodded system would be serioudy complicated by

issues of shared support systems, environmenta conditions, or other factors such as spatia
interaction issues or operator interaction dependencies.

To address the issue of making decisions about SSCs that might influence plant responsein
unmodeled modes or to unmodeled initiators, the acceptable approach is to proceed on the basis of
a sructured representation of plant response that shows at least quaitatively the initiating events
that may pertain, the systems available to respond to each, the functiona dependencies of these
systems, and the backups available in the event of failure of any particular SSC. Whileitis
possible to accept program reductions for SSCsthat are explicitly shown to play no rolein
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unanayzed modes, it is more difficult to accept reductions for components that do play arolein
unanayzed (e.g., shutdown) modes. For such instances, conservative methods will be considered
prudent.

To address ingtances in which a PRA modd exigs but is consdered mideading, caution is
indicated. An example would be to down-classify SSCs from a PRA result (i.e., state that ahigh
risk contributor is actualy alow contributor), on the bass of pand judgment. It is not acceptable
to place on the record both a PRA and afinding that clearly contradictsit. Although the pandl is
not expected to take the PRA as absolute truth, the test should be whether the record establishes a
clear bassfor afinding. A technica argument that begins with the mideading PRA result and
furnishes supplementary information sufficient to jugtify ardatively minor change to a PRA reault,

or aqudified interpretation of a PRA result, is satisfactory. A cursory technical argument leading
to aconclusion that quditatively contradicts amaor PRA result is an unsatisfactory record.

C. Evaluation Findings

The following language (or language equivaent to this) should gppear in the safety evaduation
report (SER), or exceptions should be noted and explained:

. The integrated decisionmaking processis gppropriate. Appropriate information was
available, suitable issues were raised, the digpogtion of these issues was systematic and
defensible, and the documentation of the findings is tracegble and reviewable in principle,
S0 that the basis for conclusions and recommendations is available for scrutiny and review.

. The evauation of risk significance represents gppropriate consderation of probabilistic
information, traditiond engineering evauaions, sengtivity sudies, operationd experience,
engineering judgment, and current regulatory requirements.

. The technical information basis was adequate for the scope of the gpplication. In
particular, the analysis of success and failure scenarios was adequete to identify the roles
played by the SSCs affected by the gpplication, the quantification of the frequency of these
scenarios was adequate to establish the safety significance of the SSCs, and the causal
models were adequate to establish the effects of the proposed changes in the program.

. The safety sgnificance of components affected by the proposed application but not
modeled in the PRA was evauated in a systematic manner. Thisincluded a search of
components that might contribute to initiating event occurrence, mitigating system
components that were not modeled in the PRA because their failure was not expected to
dominate system failure in the basdine configuration, and components in sysems that do
not play adirect role in accident mitigation but do interface with accident mitigating
systems.

. The process gpplied by the licensee to overcome limitations of PRA was gppropriate.
Where decisions were made that do not follow straightforwardly from the PRA, atechnica
basis was provided that shows how the PRA information and the supplementary
information validly combine to support the finding. No findings contradict the PRA ina
fundamentd way.
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APPENDIX C

CATEGORIZATION OF PLANT ELEMENTSWITH RESPECT TO
SAFETY SIGNIFICANCE

For severd proposed gpplications in risk-informed regulation, one of the principa activitiesisthe
categorization of SSCs and human actions with repect to their safety-significance. This appendix
discusses how to review agpproaches that may be used in this categorization process.

Thefird review condderation is the definition of safety-ggnificance asit gppliesto SSCsand
human actions for a specific application. A related, but not identica concept, isthat of risk
sgnificance. For example, an individud SSC can be identified as being risk-gignificant if it can be
demondtrated thet its failure or unavailability contributes sgnificantly to the messures of risk (eg.,
CDF and LERF). Safety significance, on the other hand, can be thought of as being related to the
role the SSC or human action playsin preventing the occurrence of the undesired end state. Thus,
the SSCs and human actions considered when congtructing the PRA model have the potentiad to be
safety sgnificant, sncethey play arole in preventing core damage or large early rdlease. These
SSCs and human actions may include those that do not necessarily gppear in the final quantified
mode because they have initidly been screened, are assumed to be inherently religble, or have
been truncated from the solution of the model. In addition, there may be SSCs or human actions
not modeed in the PRA that have the potentia to be safety significant because they play arolein
preventing core damage or large early release.

In reviewing the categorization, it is important to recognize its underlying purpose. Categorization
is generdly intended to sort the SSCs or human actionsinto two generd groups. those for which
some change is proposed, and those for which no change is proposed. It isthe potentid impact of
the gpplication on the particular SSCs and human actions and on the measures of risk which
ultimately determines which SSCs and human actions should be regarded as safety-significant.
Since different applications impact different SSCs and human actions, it is reasonable to expect
that the categorization could be different for different gpplications. Thus, the question being
addressed by the application is, for which groups of SSCs and human actions can the change be
meade such that there will be no more than an inggnificant increase in the risk to the hedlth and
safety of the public. Thisimpact on overdl risk should be related back to the criteriafor
acceptable changes in the risk measures identified in Regulatory Guide 1.174. It is those groups
for which changes can be made that satisfy these criteriathat can be regarded as low
safety-significant in the context of the specific gpplication. Thus, the most appropriate way to
address the categorization is through a requantification of the risk measures. However, the
feaghility of performing such risk quantification has been questioned for those gpplications for
which amethod for evaluating the impact of the change on SSC unavailability is not obvioudy
avalable.

In such instances, an acceptable dternative to requantification of risk isto categorize SSCs and
human actions using an integrated decisonmaking process (such as the use of an Expert Pand),
with PRA importance measures asinput. This gppendix discusses the issues that reviewers should
address for this approach. Section C.1 discusses the technical issues associated with the use of
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PRA importance measures, and Section C.2 discusses the use of the importance measures by the
decisonmaking pand.

Cl Use of Importance M easures

a. Areas of Review

In the implementation of the Maintenance Rule and in many industry guides for the risk-informed
gpplications, the measures most commonly identified for use in the relative risk ranking of SSCs
and human actions include the Fussdll-Vesdy Importance, Risk Reduction Worth, and Risk
Achievement Worth. However, in using these importance measures for risk-informed
gpplications, severa issues should be addressed. Mogt of these issues rlate to technical problems
that can be resolved through the use of sengitivity studies or gppropriate quantification techniques,
asdiscused in detall later in this section.  In addition, there are two issues thet reviewers should
ensure have been adequately addressed, namely (i) that risk rankings apply only to individua
contributions and not to combinations or sets of contributors, and (i) that risk rankings are not
necessarily related to the risk changes that result from those contributor changes. When correctly
gopplied and interpreted, component-level importance measures can provide vauable input to the
integrated decis onmaking process.

b. Review Guidance and Procedures

Risk ranking results from a PRA can be affected by many factors, the most important being the
modd assumptions and techniques (e.g., for modeing of human rdiability or common cause
falures), the data used, and the success criteria chosen. Reviewers should therefore evaluate the
licensee's PRA as part of the overdl review process. Appendix A to this SRP chapter presents
guidance for thisreview.

In addition to using a PRA of gppropriate qudity for the gpplication, the licensee should
demondtrate the robustness of risk ranking results for conditions and parameters that might not be
addressed in the base PRA. Therefore, when importance measures are used to group components
or human actions as low safety-significant contributors, the information to be provided to the
integrated decisionmaking process should include sengtivity sudies and/or other evauaions to
demondtrate the sengtivity of the ranking results to the important PRA modeing techniques,
assumptions, and data. In assessing thisinformation, reviewers should consider the following
issues:

Different Risk Metrics: Reviewers should ensure that the licensee's ranking process adequately
considered risk in terms of both CDF and LERF-.

Completeness of Risk Model: Reviewers should ensure that, when determining safety
sgnificance contributions using an interna events PRA, the licensee dso congdered externd
events, as well as shutdown and low-power initiators, either by PRA modeling or by the integrated
decisionmaking process (as detailed in Section C.2 and Appendix B to this SRP chapter).
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Senditivity Analysisfor Component Data Uncertainties: The licensee should have addressed
the sengtivity of component categorizations to uncertainties in the parameter values. Reviewers
should be satisfied that SSC categorization is not affected by data uncertainties.

Sensitivity Analysisfor Common Cause Failures. CCFs are modeed in PRAS to account for
dependent failures of redundant components within asystem. As discussed in Appendix A to this
SRP chapter, CCF probabilities can impact PRA results by enhancing or obscuring the importance
of components. This should be addressed by thereview. A component may be ranked as a high
risk contributor mainly because of its contribution to CCFs, or a component may be ranked asa
low risk contributor mainly because it has negligible or no contribution to CCFs. InRIR,

removing or relaxing requirements may increase the CCF contribution, thereby changing the risk
impact of an SSC.

Consideration of Multiple Failure Modes. PRA basic events represent specific failure events
and failure modes of SSCs. Reviewers should verify that the licensee performed the categorization
by taking into account the combined effects of dl associated basic PRA events (such asfalureto
gart and failure to run), including indirect contributions through associated CCF event

probabilities.

Sensitivity Analysisfor Recovery Actions. PRAstypicaly modd recovery actions especidly for
dominant accident sequences. Quantification of recovery actions typicaly depends on thetime
available to diagnose the situation and perform the action, as well as the adequacy of the licensee's
training, procedures, and operator knowledge. Estimating the success probability for the recovery
actions involves a certain degree of subjectivity. The concernsin this case slem from Situations
where very high success probabilities are assigned to a sequence, resulting in related components
being ranked as low risk contributors. Furthermore, it is not desirable for the categorization of
SSCsto be impacted by recovery actions that sometimes are only modeled for the dominant
scenarios. Sengitivity andyses can be used to show how the SSC categorization would change if
recovery actions were removed. Reviewers should ensure that the categorization has not been
unduly impacted by the modeling of recovery actions.

Truncation Limit: Reviewers should verify that the licensee set the sequence truncation limits
low enough so that the truncated set of minima cutsets or scenarios contains the significant
contributors and their logicd combinations for the gpplication in question. Depending on the leve
of PRA detail (module level, component level, or piece-part leve), this may trandate into a
truncation limit from 10*? to 10°® per reactor year.

Multiple Component Considerations. As previoudy discussed, importance measures are
typicaly evauated on the bads of individual SSCs or human actions. One potential concern that
arises from this practice is that Single-event importance messures have the potentid to dismiss al
elements of a system or group, despite the system or group having a high importance when taken
asawhole. (Conversdy, there may be grounds for screening out groups of SSCs, owing to the
unimportance of the systems of which they are dements.) Two potential gpproaches are used to
address the multiple component issue. The firgt isto define suitable measures of system or group
importance. The second is to choose gppropriate criteriafor categorization based on
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component-level importance measures. In both cases, it will be necessary for the licensee to
demondirate that the cumulative impact of the change has been adequately addressed.

While there are no widdly accepted definitions of system or group importance measures, it islikely
that some licensees will develop new system or group measures. If any are proposed, reviewers
should ensure that the measures logically capture the impact of changes to the group. Asan
example of the issuesthat arise, consder the following. For front-line systems, one possbility
would be to define a Fussdll-Vesdly type measure of system importance as the sum of the
frequencies of sequences involving falure of that system, divided by the sum of al sequence
frequencies. Such a measure would need to be carefully interpreted if the numerator included
contributions from falures of that system as aresult of support sysems. Similarly, a
Birnbaum-like measure could be defined by quantifying sequences involving the system,
conditiond on itsfallure, and summing up those quantities. Thiswould provide a measure of how
often the system is critical. However, the support systems again make the Stuation more complex.
To take atwo-divison plant as an example, front-line failures can occur as aresult of falure of
support divison A in conjunction with falure of front-line divison B. Working with afigure of
merit determined by the "tota failure of support system™ would miss contributions of thistype.

In the absence of gppropriately defined group level importance measures, reliance should be made
on the integrated decis onmaking process to make the appropriate determination (see Section C.2).

Relationship of Importance Measuresto Risk Changes: Importance measures do not directly
relate to changesin risk associated with implementation of a set of changes proposed in an
application. Instead, the risk impact isindirectly reflected in the choice of the value of the

measure used to determine whether an SSC should be classified as being of high or low safety
ggnificance. Thisisaconcern whether importances are eva uated a the component or group
level. Therefore, the criteriafor categorization into low and high significance should be related to
the acceptance guidelines for changesin CDF and LERF. Thisimpliesthat the criteria should be a
function of the base case CDF and LERF, rather than being fixed for dl plants. Thus, reviewers
should determine how the choice of criteriarelates to, and conforms with, the acceptance
guidelines described in Regulatory Guide 1.174. 1f component leve criteria are used, they should
be established taking into account the fact that the alowable risk increase associated with the
change should be determined on the basis of smultaneous changes to al members of the category.

C. Evaluation Findings

The SER should incorporate language equivdent to the following, and exceptions (if any) should
be noted and explained.

. The information provided to the integrated decisionmaking process with regard to
determining the risk importance of contributors for a specific gpplication isrobugt in terms
of modd inputs and assumptions, including issues like the use of both CDF and LERF,
completeness of the risk modd, and sengtivity of the results to data uncertainties, common
cause failure modding, modeling of human rdiability, and truncation limits used.
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. The categorization addresses the effect of the change on groups of componentsin away
that is compatible with the risk acceptance guiddines.

C.2 Roaleof Integrated Decisonmaking in Component Categorization

a. Areas of Review

While probabilistic importance andys's can provide vauable information regarding categorization
of SSCs or human actions, it should be supported and supplemented by an evaluation based on
traditiond engineering consderations. Thiswill require using the quditative ingghts obtained
from the PRA, and consdering the maintenance of the defense-in-depth philosophy and sufficient
safety margins. Oneimportant eement of this integrated decisionmaking can be the use of an
"expert pand." This section provides guiddines for reviewing the licensee's integrated
decisonmaking process in the area of importance categorization, and it supplements the genera
guidance in Appendix B to this SRP chapter.

b. Review Guidance and Procedures

I dentification of Functions, Systems, and Components Important to Safety: The PRA can
provide sgnificant quditative ingghts that emerge smply from consdering whether and how
systems are invoked in particular scenarios. If afront-line systemis credited in success paths, it is
"important” in some sense, and at least some of its SSCs must dso be important in some sense,
even if agiven single-event importance measure does not reflect this. However, the red
importance of asystem isafunction of whether dternative, diverse sysems that could fulfill the
same function. Systems that are the only means of providing the function would be consdered
more important than those for which there are viable dternatives. A system that supports an
important front-line system could aso be considered important. This does not mean that dl such
systemns cannot be candidates for relaxing current requirements; however, it does mean that
componentsin system trains credited in the PRA should be explicitly considered during the
integrated decis onmaking process.

Either by evaduating the licensee's documentation or by conducting an independent verification,
reviewers should complete the following steps:

. Identify all systemsthat are relied upon in plant response to an initiating event, whether
explicitly modeed in the PRA or not (e.g., room cooling systems, and instrumentation and
control systems associated with indications rather than control may not be modeded), and
identify the function(s) they perform or support.

. Determine whether failure of components screened out on the basis that they are dements
of "unimportant” systems could affect a system that is relied upon in the plant's response to
an initiating event.

Reviewers should then verify that at least some elements of each of the important systems
identified above are consgdered "safety Sgnificant.” If thisis not the case, reviewers should
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ascertain what performance is dlocated to these items in the PRA, and whether the programmatic
activities dlocated to these e ements are commensurate with the given performance levd. If a
system isidentified as being important, but none of its dementsis, reviewers should carefully
evauate the licensee's judtification.

As an example, congder the case of a system that contains many redundant flowpaths. Single-
event importance analysis will tend to dismiss the flowpaths one at atime, effectively dismissng
the group asawhole. The focus of the above guidance is that the redundant flowpaths (considered
as a subsystem, and recognizing the function they perform), are important and deserve some
attention, even though conventiona importance measures would not highlight them. However, in
the case of redundant systems, the solution need not away's be to assgn every redundant path to
the high-risk contributor category. In this example, especidly if the paths are essentidly smilar, it
is arguably necessary to consider CCF. Thus, a program that addresses CCF potentid by
monitoring component performance may provide the necessary protection againgt |oss of the
function, while gill dlowing a decreasein some levd of commitment on the individud members
of the group.

Verification of Low Safety Significance: In evauaing the quditative risk-informed
categorization, reviewers should consider the integrated decisionmaking process and criteria used
by the licensee.

In reviews of the licensee's determination of low safety significance for SSCs or operator actions,
reviewers should verify that the licensee appropriately applied risk importance measures and
accounted for the results of sengitivity studies. Reviewers should also verify that the licensee
considered and compensated for factors such as potential inadequate scope and leve of detail of
the PRA (see Sections 111.2.2.2 and 111.2.2.3 of this SRP chapter). Finaly, reviewers should verify
that, in categorizing an SSC or operator action aslow safety significance, the licensee consdered
the defense-in-depth philosophy and available safety margins. Section 111.2.1 of this SRP chapter
presents review guidance on these topics.

For SSCs not modeled in the PRA, reviewers should verify that the licenseg's process determined
that the following conditions apply for each SSC that has been proposed as a candidate for
relaxation or remova of current requirements:

. The SSC does not perform a safety function, or does not perform a support function to a
safety function, or does not complement a safety function.

. The SSC does not support operator actions credited in PRAs for either procedura or
recovery actions.

. Thefalure of the SSC will not result in the eventua occurrence of a PRA initiating event.
. The SSC isnot a part of asystem that acts as a barrier to fisson product release during
severe accidents.
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Thefailure of the SSC will not result in unintentiond releases of radioactive materia even
in the absence of severe accident conditions.

If any of the above conditions gpply, or if SSC performance is difficult to quantify, the licensee
should have used a qudlitative evauation process to determine the impact of relaxing requirements
on equipment reliability and performance. This evauation should include identifying those fallure
modes for which the failure rate may increase, and those for which detection could become more
difficult. Reviewers should then verify that the licensee provided one or more of the following (or
amilar) judtifications

C.

A qudlitative discussion on how the change is consstent with the defense-in-depth
philosophy and how the change maintains sufficient safety margins,

A quditative discusson and historical evidence why these failure modes may be unlikely
to occur,

A qudlitative engineering discussion on how such failure modes could be detected in a
timely fashion,

A discusson on what other requirements may be useful to control such failure rate
increases,

A quditative engineering discusson on why relaxing the requirements may have minimd
impact on the failure rate increase.

Evaluation Findings

The SER should incorporate language equivaent to the following, and exceptions (if any) should
be noted and explained:

The categorization of the SSCs or human actions has adequately captured their sgnificance
to safety, and this categorization has been performed in such away that the potentia
impact of the proposed gpplication resultsin, a most, asmdl increase in the risk to the
hedlth and safety of the public. Theinput to the integrated decisionmaking process derived
from importance measures has been utilized, taking into account the known limitations of
importance caculations, and the results have been supplemented by gppropriate quditative
consderations.

The integrated decisonmaking process explicitly recognized sysems invoked in plant
response to initiating events and ensured that components within these systems are
considered for programmatic attention in areas (ST, 19, etc.) appropriate to their
performance characteristics and the level of performance needed from them.
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APPENDIX D

USE OF RISK INFORMATION IN REVIEW OF
NON-RISK-INFORMED LICENSE AMENDMENT REQUESTS

Areas of Review

When alicense amendment request complies with the regulations and other license requirements,
there is a presumption by the Commission of adequate protection of public hedlth and safety
(Maine Yankee, ALAB-161, 6 AEC 1003 (1973)). However, circumstances may arise in which
new information reveals an unforeseen hazard or a substantialy greater potential for aknown
hazard to occur, such as identification of an issue that subgtantialy increasesrisk. In such
gtuations, the NRC has the statutory authority to require licensee action above and beyond
exiding regulaionsto maintain the level of protection necessary to avoid undue risk to public
hedlth and safety. Section 182.a of the Atomic Energy Act of 1954, as amended, and as
implemented by 10 CFR 2.102 gives the NRC the authority to require the submittal of information
in connection with alicense amendment request if NRC has reason to question adequate protection
of public hedth and safety. The licensee may decline to submit such information, but it would risk
having the amendment request denied if NRC cannot find that the requested amendment provides
adequate protection of public hedth and safety.

Under unusud circumstances that could introduce significant and unanticipated risks, the NRC
gaff reviewers would assume the burden of demongrating that the presumption of adequate
protection is not supported by the bases for the existing staff positions despite the fact that
currently specified regulatory requirements are met. Ingtances in which license amendment
requests meet dl regulaory requirements yet raise significant risk concerns are rare. The process
used for identifying those Stuations in which risk implications are gppropriate to consder and for
deciding if unduerisk exigsisdepicted in Figure 1. This process can be used in the review of
both licensee-initiated, risk-informed license amendment requests, as well as license amendment
requests in which the licensee chooses to not submit risk information (i.e., non-risk-informed
requests).

License amendment requests will be screened for potential risk implications as part of the license
amendment review process. Office-leve license amendment review procedures provide guidance
on which license amendment requests should be examined at the leve of the integrated risk model
because of the potentia for significant impacts on plant risk. In accordance with the guidance, the
risk implications of a non-risk-informed submittal would be discussed with arisk andy4 if the
submittal —

1 Significantly changes the dlowed outage time (e.g., outside the range previoudy approved at
gmilar plants), the probability of the initiating event, the probability of successful mitigative
action, the functiond recovery time, or the operator action requirement;

Significantly changes functiond requirements or redundancy;
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1 Sgnificantly changes operations that affect the likelihood of undiscovered falures;
1 Sgnificantly affectsthe basis for successful safety function; or

I Could create “specid circumstances’ under which compliance with exigting regulations may
not produce the intended or expected leve of safety and plant operation may pose an undue
rsk to public hedth and safety.

Non-risk-informed license amendment requests judged to have the potentid to significantly affect
risk would be referred for a more detalled risk evauation as part of the license amendment review.

Review Guidance and Procedures

For license amendment requests referred for arisk review, the reviewers should assess the
requested changes, and the need for and the effectiveness of any compensatory measures that
might be warranted because of risk considerations, by evauating the changes relative to the safety
principles and integrated decisonmaking process defined in Regulatory Guide 1.174. Therisk
acceptance guiddines (Sections 2.2.4 and 2.2.5 of Regulatory Guide 1.174) describe acceptable
levels of risk increase as afunction of total core damage frequency (CDF) and large early release
frequency (LERF) and the manner in which the acceptance guiddines should be gpplied in the
review and decisonmaking process. Reviewers should note that the guidelines serve as a point of
reference for gauging risk impact but are not legally binding requirements.

For non-risk-informed license amendment requests, the preliminary assessment would be
qualitative, with a decison based on engineering judgment, sSince quantitative risk information
would not generdly be presented in submittas that are not risk informed. If “specid
circumstances’ are believed to exigt, the reviewers will explore in more detail the underlying
engineering issues contributing to the risk concern, aswell as the potentid risk sgnificance of the
license amendment request. The staff should inform and engage the licensee as early as possble
in the evauation process when it believes that a pecid circumstance may exist and is congdering
the need for risk information.

“Specia circumstances’ represent conditions or Situations that would raise questions about
whether there is adequate protection and that could rebut the normal presumption of adequate
protection from compliance with exigting requirements. In such Stuations, undue risk may exist
even when dl regulaory requirements are satisfied. In generd, apecia circumstance may exist if
(2) the Situation was not identified or pecificaly addressed in the development of the current set
of regulations and could be important enough to warrant a new regulation (e.g., arisk-informed
regulation) if such stuations were encountered on awidespread basis and (2) the reviewer has
knowledge that the risk impact is not reflected by the licensing bass andlysis and has reason to
believe that the risk increase would warrant denid or attaching conditions to the staff’s approvd if
the request were evauated as arisk-informed gpplication. If one criterion is met, the second
would generdly be met aswell. However, in view of the judgment involved in these
determinations, casesin which one of the criteriais not clearly met should il be evated for
management consderation as discussed below.
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“Specid circumstances’ may include but not be limited to license amendment requests thet, if
approved, could —

1 Subgtantidly increase the likelihood or consequences of accidents that are risk significant but
are beyond the design and licensing basis of the plant, for example, proposed changes to steam
generator (SG) alowable leak rates that meet 10 CFR Part 100 limits based on the design
basis source term but result in alarge early release given a severe accident source term; or use
of new materials for SG repairs that provide acceptable performance under norma and design
basis accident conditions but a reduced capability to maintain SG tube integrity in high-
temperature, severe accident scenarios.

1  Degrade multiple levels of defense, or cornerstones in the reactor oversight process, through
plant operations or Stuations not explicitly consdered in the development of the regulations,
for example, advanced gpplications of digital instrumentation and controls in which the
licensee does not address or comply with regulatory guidance concerning evauation of
defense in depth and diversity in digita instrumentation and control systems.

I Significantly reduce the availability or rdiability of structures, systems, or components that
arerisk sgnificant but are not required by regulations, for example, amendment requests that
as an unintended consequence compromise the effectiveness of the Mark | hardened wetwell
vent system in protecting againgt containment overpressure failures in accidents beyond the
design basis, or the diversity of the turbine-driven auxiliary feedwater pumps provided in
response to NUREG-0737, Section I1.E.1.1.

I Involve changes for which the synergistic or cumulaive effects could significantly impact
risk, for example, power uprate requests that would increase operating power well beyond the
levels approved in previous uprates and would introduce or substantialy increase the
frequency of risk-significant core damage sequences.

If, upon further consideration, it is believed that gpprova of the request would compromise the
safety principles described in Regulatory Guide 1.174 and substantialy increase risk relative to the
risk acceptance guiddines contained in the regulatory guide, the reviewers should inform NRC
management of the risk concerns and the need to further evaluate the risk associated with the
request. In such instances, the reviewers, with management concurrence, should ask the licensee
to address the safety principles and the numerica guidelines for acceptable risk increases
contained in Regulatory Guide 1.174 in its submitta. The reviewers may dterndively ask the
licensee to submit the information needed in order for the NRC gtaff to make an independent risk
assessment.

The gppropriate level of management involvement would depend on the nature and sgnificance of
theissue. In generd, the decision regarding whether alicense amendment request creates a specia
circumstance should, at a minimum, be supported by the division directors responsible for
probabilistic safety assessment, the technical issue and the regulatory requirements in question,

and licensing project management, as well as the Office of the General Counsdl. Review by the
Risk-Informed Licensing Pand (RILP) should be consdered for this purpose. The need to elevate
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the issue to a higher management leve or to inform the Commission should be specificaly
addressed by the RILP if aspecia circumstance is determined to exist. The RILP should ensure
that the burden imposed on the licensee in responding to risk questions raised by the NRC is
judtified in view of the potentid safety significance of the issue to be addressed in the requested
informetion.

If alicensee does not choose to address risk, the reviewers should not issue the requested
amendment until they have sufficiently assessed the risk implications to determine thet thereis
reasonable assurance that the public health and safety will be adequately protected if the
amendment request is gpproved. A licensee' s decison not to submit requested information could
impede the staff’ s review and could aso prevent the reviewers from reaching afinding thet there is
reasonable assurance of adequate protection. A licenseg sfailure to submit requested information
could also be abasisfor regjection pursuant to 10 CFR 2.108.

Evaluation Findings

The numerica guidance for CDF and LERF and the safety principles provided in Regulatory
Guide 1.174 are intended to provide a basis for finding that there is reasonable assurance of
adequate protection. Therefore, Stuations that exceed these values or violate the other principles
would congtitute atrigger point at which questions are raised as to whether the proposed change
provides reasonable assurance of adequate protection. A more in-depth assessment of the specid
circumstances, the safety principles, and the issues identified for management attention in Section
2.2.6 of Regulatory Guide 1.174 should then be made in order to reach a conclusion regarding the
level of safety associated with the requested change.

In making this assessment, the reviewers should be mindful to clearly differentiate the concept of
adequate protection from the numerica risk acceptance guideines. The guidelines in themsdaves
do not condtitute a definition of adequate protection but provide an appropriate set of criteriato be
used in the process for eva uating adequate protection. As discussed in Regulatory Guide 1.174,
the uncertainty in the andyses must be considered in any finding that adequate protection is
achieved.

The final acceptability of the proposed change should be based on a consideration of current
regulatory requirements, as well as on adherence to the safety principles, and not solely on the
bass of a comparison of quantitative probabilistic risk assessment results with numericd
acceptance guiddines. The decision to rgect anon-risk-informed license amendment request on
the basis of risk should be supported by the RILP and would be expected to be elevated to office-
level management for afina decison. The authority provided by the Atomic Energy Act and
current regulations requires rgection of alicense anendment request if the NRC is unable to find
that adequate protection is provided.
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Figure 1 - Process and Logis for Considering Risk in License Amendment Reviews
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